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CANADIAN RESEARCH ON MALTING BARLEY 


PART II. THE RELATIONS BETWEEN CERTAIN BARLEY 
AND MALT PROPERTIES 


J. ANSEL ANDERSON 


(Chief Chemist, Grain Research Laboratory, Board of Grain Commissioners 
for Canada, Winnipeg, Manitoba) 


AN extensive study has been made of the relations between the properties 
of barleys and those of the corresponding malts [12, 18, and other papers 
in the same series]. "The work was undertaken primarily with the object 
of discovering methods of predicting malt quality from analyses of 
relatively small quantities of barley; such tests were required to expand 
and accelerate the examination of large numbers of new hybrids and 
selections. As a secondary objective, additional information on the 
nature of malting quality was sought. This was of particular interest 
since, although two-rowed varieties have been extensively studied in 
Europe and Britain, no comparable studies had previously been made of 
the six-rowed varieties, or of the special properties required for the six- 
day germination period used for commercial malting on the North 
American continent. 

The pioneer studies of the relations between barley and malt proper- 
} ties were made mainly in England by Bishop [28-31]. Apart from the 

material and methods studied, the contribution that has been made in 
Canada derives from the attention that has been paid to inter-varietal 
relations and the clear distinction that has been made between these and 
intra-varietal relations. ‘The former are controlled entirely by hereditary 
effects, whereas the latter are controlled by responses to the environment. 
There is no reason to suppose that these two types of relations will be 
identical for all pairs of barley and malt properties—nor has this been 
found. 

The following summary deals largely with inter-varietal relations, 
those that exist between samples of different varieties grown at the same 
} station or set of stations; these are the most important from the plant- 
) breeders’ point of view. The intra-varietal relations are probably of 
} | greater interest to the practical maltster, because he works with barleys 
| of the same variety, or closely related varieties, grown under different 
environments. However, space is not available for more than a few 
comments on these, and the reader is referred to the original papers 
¢) (18, 20, 21, 32, 34]. . 

) ‘Two groups of relations between barley and malt properties merit 
| discussion: those that relate to the prediction of the enzymatic activity of 
| the malt, and those that relate to the prediction of the yield of malt extract. 
\ Inter-varietal relations between enzymatic activities.—Inter-varietal 
| correlation coefficients for enzymatic activities, reported by Sallans and 

|, Anderson [35] for 12 varieties, and some additional coefficients taken 

\ from a later paper [18], are shown in Table 3. It is now generally agreed 
anil . 3988.49 B 
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2 J. ANSEL ANDERSON 


that the saccharifying activity of the barley after activation with papain 
is a measure of the B-amylase activity, and that the saccharifying activity 
of the malt also measures the B-amylase though some contribution is 
made by the a-amylase. A reasonably high correlation between the 
saccharifying activities of barley and malt would therefore be expected; 
it turned out to be 7 = o-go. 


TABLE 3. Inter-varietal Correlation between Enzymatic and Certain 
Other Barley and Malt Properties 





Barley Malt 
Starch 
Hrs. to Sacch. Proteo-  Autolytic lique- 
steep to activity Sacch. lytic sacchar. fying 
Property | 44% (papain) activity activity activity | activity 
Barley 
Salt-soluble nitrogen . o'74** o-74%* o°-73%* o37** o-75"" o-73°* 
Hours to steep to 44 % we —o'71*  —o-81** —o-82** —o-94** —o-95** 
Saccharifying activity 
(papain). 7 ° <a ‘a o'90** 0°63* o-75°" o-75"" 
Malt 
Saccharifying activity 
(Lintner) ‘ ‘ ne ss st 0: 66* o'86** o'82** 
Proteolytic activity ie o°81%* o:80** 
Autolytic saccharifying 
activity . ‘ ‘ = at | ss ee a 0:98** 





Note: In this and later tables (**) denotes that the 1 per cent. level and (*) that the 5 per cent. 
level of significance is attained. 


«-amylase, which is either in negligible concentration or inactive in 
the barley, is measured in the malt by determining the starch-liquefying 
activity. ‘The data indicate that a-amylase is also the chief factor govern- 
ing the autolytic saccharifying activity of the malt; for the very high 
correlation of 0-98 between autolytic activity and starch-liquefaction 
can hardly be explained in any other way. It will be observed that there 
is some evidence of an association between f- and a-amylase (r = 0-82), 
and it thus appears that varieties that are high in B-amylase also tend to 
be high in a-amylase. A similar association exists between a-amylase 


activity and proteolytic activity; but the association between the latter | 


and f-amylase activity is considerably lower. 

‘Two non-enzymatic properties of the barley are also reported in 
Table 3; these are aih-ovbel e nitrogen and the number of hours required 
to steep the barley to 44 per cent. moisture. Surprisingly enough, there 
is an inter-varietal association between each of these properties and 
enzymatic activities. ‘The amylases and proteases are soluble proteins, 
and it thus appears that those varieties that produce most soluble proteins 
also tend to produce more of each enzyme; the associations are not 
particularly close but are both interesting and useful. It is also interesting 
that salt-soluble nitrogen is correlated with wort nitrogen (r = 0-89) and 
with malting loss (r = 0-84), both of which also measure in part the 
activities of the enzymes during malting [35]. 

Steeping-time is inversely correlated with enzymatic activities—and 
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CANADIAN RESEARCH ON MALTING BARLEY 3 


also with malting loss (r = —o-71) and wort nitrogen (r = —o-81)—; 
varieties that are high in enzymatic activity, particularly in a-amylase 
activity, tend to absorb water rapidly. No adequate explanation of these 
associations has been found. ‘Theycannot be explained merely on the basis 
of kernel-size [18]; for 1000-kernel weight, which provides a measure 
of size, is not significantly correlated with any of the properties involved. 


Inter-varietal relations with malt extract.—With data on the same set 
of 12 barley varieties and the malts made from them, the inter-varietal 
relations between malt extract and various other malt and barley pro- 
perties were examined [34, 36]. Some of the inter-varietal correlation 
coefficients are given in ‘lable 4. ‘These show that malt extract is closely 
related to the extract, starch, and cellulose-lignin fractions of barley. 
The last-named fraction is difficult to determine, so that prediction equa- 
tions for malt extract should be based primarily on determinations of 
either the extract or starch-content of the barley. 





TaBLe 4. Inter-varietal Correlation Coefficients between Malt 
Extract and Certain Barley Properties 





Correlation coefficient 


Partial, independent of : 





Barley 
Barley property Simple extract Starch 

Nitrogen, total . ; : ; : —o°380 -0°039 0084 
——., alcohol-soluble . ‘ . : -©*200 -0°235 -9°286 

, insoluble , 3 : : —o'728** —0°577 0°545 
——, acid-resistant . : i ‘ -0'816** 0°450 -O°510 
Cellulose-lignin residue aA aw Vas : —o:g12** 0°267 0'624* 
Starch : ‘ : : ; : 0°854** —o'586 ne 
Barley extract . P : ; : 0.914** es o.776** 
Saccharifying activity . , : : —o'oo! 0°316 0.695** 
Salt-soluble nitrogen . ‘ : ‘ 0.452 0°876** 0 .839** 
Steeping-time . - : : : —0o'589* —o-791** 0.859** 
1000-kernel weight. : ‘ ‘ 0°439 0464 0.398 








The relations between malt extract and barley extract are illustrated 
in Fig. 6. ‘The small graphs show the data for each individual variety, 
and the large graphs deal with the varietal and station means. An analysis 
of residual variance [36] shows that the slopes of the regression lines for 
the individual varieties do not differ significantly; but the centroids, 
which represent varietal means for the properties, do deviate significantly 
from the average varietal regression (Fig. 6 N). This means that, for the 
most accurate prediction of malt extract, it would be necessary to calcu- 
late separate equations for each variety. These would take the form: 


E =a+bB 
where E = malt extract, B = barley extract, and a and b are constants. 
The 5 value represents the regression coefficient and would be the same 


for all varieties; but the a values — the y intercepts —- would differ for 
varieties. The equation for the standard variety O.A.C. 21, when malted 
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Fic. 6. Scatter diagrams showing varietal and station relations between barley 
extract and malt extract. The key to stations (diagram M) follows: O, Nappan; P, 
Fredericton; OQ, Ste. Anne de Bellevue; R, Ste. Anne de la Pocatiére; S, Lethbridge; 
T, Winnipeg; U, Brandon; V, Guelph; W, Ottawa; X, Lacombe; Y, Beaverlodge; 
Z, Gilbert Plains. The key to varieties (diagram N) is given in the small diagrams. 


and analysed under the conditions used in the investigation, is: 
E = 3:2+0-94B. 
If barley extract is used as one property, the second property that can 
best be combined with it for prediction purposes may be selected by 


considering partial correlation coefficients, independent of barley extract, 
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CANADIAN RESEARCH ON MALTING BARLEY 5 


between malt extract and each remaining barley property. These, and 
corresponding coefficients independent of starch, are shown in the last 
two columns of Table 4. It is apparent that salt-soluble nitrogen and 
steeping-time present the best possibilities for combination with either 
starch or barley extract. 

Sallans, Meredith, and Anderson [34] examined the relations between 
malt extract and two or more barley properties. In this study they used 
not only data for 12 varieties grown at 12 stations in 1937, but also data 
for 24 varieties grown at 6 stations in 1938. The simple and multiple 
correlation coefficients are shown in Table 5; the second column under 
each year indicates whether the additional variable makes a significant 
increase in the correlation coefficient. 


TABLE 5. Inter-varietal Multiple Correlation Coefficients between 
Malt Extract and Certain Barley Properties 








1937 data’ 1938 data 
Significance Significance 
Correlation , of added | Correlation of added 
Barley property coefficient variable coefficient variable 
Barley extract : ‘ ; o'914** ne 0°854** 
Barley extract x salt-soluble 
nitrogen ; . o0:980** *e o-919** 7 
Barley extract x steeping-time o:969** + o:9g06** aad 
Barley extract  salt-soluble 
nitrogen x steeping-time . 0°984** ° 0'944** v7 
Starch : : 3 ; 0°854** af 0°785** — 
Starch x saccharifying activity 0'927** ° 0°826** ° 
Starch x salt-soluble nitrogen .. 0'959** *e 0'939** td 
Starch x steeping-time . ‘ 0:964** ad o:892** os 
Starch x salt-soluble nitrogen 
x steeping-time : ‘ 0'976** > 0'972** 7 





' 12 varieties grown at 12 stations in 1937. 7? 24 varieties grown at 6 stations in 1938. 


In 1938, when 24 varieties comprising a wider range were used, the 
correlation coefficients proved to be somewhat lower, as would be expec- 
ted. Among the correlations involving two independent variables, that 
for starch and salt-soluble nitrogen gave the highest coefficient for the 
1938 data, whereas for 1937 that for barley extract and salt-soluble nitro- 
gen was highest. In both years the pes Aeron between malt extract, on 
the one hand, and starch, salt-soluble nitrogen, and steeping-time, on 
the other, proved to be significantly higher than those correlations in 
which one of the last two variables was omitted. When starch was re- 
placed by barley extract, a corresponding situation existed for the 1938 
data but not for those of 1937. 

The original paper [34] contains a study of the homogeneity, both 
within and between years, of the more promising equations. It was found 
that the partial regression coefficients, or b values, were homogeneous for 
the relations between malt extract and the following barley properties: 
(i) barley extract and salt-soluble nitrogen; (ii) starch and steeping-time; 
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and (iii) barley extract, salt-soluble nitrogen, and steeping-time. On the 
other hand, it was shown that the constant a would have to be given a 
different value for each environment. 

For certain purposes this limitation is not important. Thus a plant- 
breeder will generally wish to compare a new variety with a standard | 
variety grown under the same environmental conditions. It will then be 
adequate to know by how much the new variety is higher or lower in 
extract-yield than the standard. This can be determined without evalua- | 
ting the constant a. 

The principal inter-varietal equations listed by Sallans, Meredith, and 
Anderson [34], and based on studies of 288 samples, are given below. } 
Standard errors for prediction for a single sample are listed in brackets | 
after each equation. In general, it is not satisfactory to test new varieties 
by growing them at one station only, owing to the interaction between 
varieties and stations, and a minimum of four stations is recommended if 
reasonably accurate prediction valuesarerequired. Whensamples from four 
stations are studied, the standard error of estimate of the variety means 
will be approximately one-half of the value shown after each equation. 


E = 1:0+0-96B (0-98) 
E = —40+0-94B-+10-4SN (0-86) 
E = 1:1+093B+7-44SN—0:035ST (+080) 
E = 25:5+089S (+121) 
E = 29°7+0-90S—o0-067ST (+1:07) 


In these equations, EF = malt extract, B = barley extract, SN = salt- 
soluble nitrogen, ST = steeping-time, and S = starch-content. 

It is noteworthy that in these equations the prediction is based prima- 
rily on a property that represents the extractable material in the barley. 
To improve the prediction it is necessary to introduce one or more factors 
that are related to the general enzymatic activity that can be developed 
during malting. This is the interpretation that the writer and his col- 





leagues place on the advantage to be gained by including salt-soluble 
nitrogen and steeping-time as additional independent variables. More 
direct measurements of potential enzymatic activity would doubtless 
prove superior. However, only the potential -amylase activity can be 
measured in the barley, and this appears to have no important influence 
on the yield of malt extract. If «-amylase activity and protease activity 
could be estimated by barley analyses, some improvement in prediction 
might confidently be expected. 

Intra-varietal relations—An entirely different set of equations is 
required for the prediction of malt extract within varieties. In studies of 
these [34, 36], relations with nitrogen and 1,000-kernel weight were also 
examined, since Bishop [28-31] had already made good use of these 
properties in prediction-equations developed for English two-row varie- 
ties. It was found, however, that barley extract gave better results than 
total nitrogen when used alone and that the two could be advantageously 
combined: 


Malt extract = a-+o'58 barley extract —2-4 total nitrogen (+0). 
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CANADIAN RESEARCH ON MALTING BARLEY 7 


The value of the constant a depends on the variety and on the malting 
conditions; for instance, O.A.C. 21 requires 35:7, Olli requires 36-6, and 
Wisconsin 38 requires 33:4. 

An attempt was also made to develop a general prediction equation 
that would apply under any environmental conditions. The best that 
could be developed was: 


Malt extract =16:0+0-849 barley extract—o-043 steeping-time — 
1°54 total nitrogen (0°86). 


With the 1937 data significant differences between station regressions or 
between centroids were not found, and this seemed promising; but the 
differences between centroids were significant for the 1938 data. Accor- 
dingly, even with this equation it would appear that separate a constants 
should be employed for different stations. 

Utility of prediction tests—In discussing the results of the study, 
Sallans, Meredith, and Anderson write [34, p. 249]: 

‘The authors are forced to admit that they do not expect that wide use will be 
made of the various prediction-equations discussed above. Prediction-equations 
are, after all, only means of expressing the relations that exist between various barley 
properties and malt extract. ‘They do not fail to be useful merely because they are 
not used. They may well serve to bring to light the various associations and more 
fundamental relations that exist between barley and malt properties, and may thus 
help to elucidate the nature of malting quality in barley. A clear conception of 
underlying principles is surely a necessary prerequisite to the development of a 
logical programme designed to produce new varieties of improved agronomic quality 
and satisfactory malting quality.’ 

‘The practical advantages that arise from a detailed knowledge of the relations 
between malt extract and barley properties are two, and these both depend upon an 
extensive knowledge of the chemical characteristics of the parent materials used in 
the breeding programme. Firstly, it should be possible to select pairs of parents that 
are complementary in that they are not characterized by the same faults. Secondly, 
it should be possible, usually by the use of a single determination made on a small 
amount of barley, to select from the progeny of certain crosses those lines that are 
not characterized by an important malting deficiency.’ 

In Canada considerable use has been made of prediction tests based 
on an understanding of the relations involved, rather than on precise 
equations. When large numbers of new hybrid lines are submitted by 
plant-breeders, a preliminary segregation of the more promising lines is 
made on the basis of 1000-kernel weight, nitrogen-content, barley extract, 
and activated saccharifying activity (papain). Only those varieties that 
show promise are advanced to the more time-consuming malting test. 
Studies of prediction tests for malt extract [37] and saccharifying activity 
[38] have been made under practical conditions, and it has been demon- 
strated that both are useful. 

It should be pointed out that prediction tests may be valuable even 
though they are not entirely accurate. Suppose that a plant-breeder has 
100 lines of which he can only afford to carry 10 forward to advanced, 
expensive, and time-consuming, yield trials; and suppose that 10 of the 
100 lines have some promise from the malting point of view. If the ro 
are selected without consideration of malting properties, they will contain 
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on the average only one line with malting possibilities; the other 9 will be 
lost. On the other hand, if a prediction test is available which is 70 per 
cent. accurate, the 10 lines selected will contain an av erage of 7 lines with 
malting possibilities; and the chance of obtaining a new line with high- 
yielding capacity and malting quality will be appreciably increased. 
It is thus clear that rapid prediction tests that effect only a partial segre- 
gation of the more promising lines can be very valuable in the early 
stages of a breeding-programme. 


Assistance to Agronomists and Plant-Breeders 


In the introduction to this paper it was stated that the Canadian studies 
were undertaken primarily to help agronomists and plant-breeders to 
produce better barleys for the Canadian farmer and those to whom he 
sells his grain. Accordingly, it remains to present a brief account of the 
direct assistance that has been given by malting chemists. 

In 1929, when the malting laboratory had been firmly established at 
the University of Manitoba, Harrison [39] published a paper dealing 
with the valuation of malting barleys. However, the description of his 
equipment was delayed until 1932, and it was not ‘until 1933 that the first 
study of varieties with this equipment was reported by Elders and Row- 
land [40]. The laboratory was operated on a minimum scale until 1936 
when the staff was increased and the equipment and methods were 
improved (Ol. 

One of the principal tasks of the laboratory has been to obtain informa- 
tion on the varieties used as parents for barley breeding in Canada. In 
1937 data on 15 varieties were published [41]; in 1939 additional data on 
these and four other varieties were reported [42]; and in 1942 the list of 
varieties was increased to 28 [43]. The following year a summary of che 
information on varieties, together with a full discussion of the inter- 
pretation of data on barley and malt properties, was published by Ander- 
son, Meredith, and Sallans [19]. ‘These papers served to keep Canadian 
plant-breeders informed on the malting qualities of the parent varieties 
they were using. 

Agronomic studies were also initiated by Harrison, but his data on the 
effect of fertilizers on the yield and malting quality of barley were not 
published until 1936 (Hopkins, L44)). In 1935 studies of the effect of 
cultural practices on yield and malting quality were again started in 
Manitoba and were continued until 1939; and that part of the study 
dealing with malting quality was reported by Meredith, Olson, and Row- 
land [45] in 1942. A comprehensive study of the cleaning and handling 
of barleys was also undertaken [46], as part of the programme designed 
to improve the quality of Canadian malting barleys. Protein surveys 
made by the Board of Grain Commissioners’ Laboratory merit brief 
mention. These were started in 1935 and were published in mimeo- 
graphed form until 1940 and subsequently as bulletins (e.g. No. 5). 
They serve to show not only the geographic variations in the protein- 
contents of barleys that occur from year to year, but also the areas in 
which malting barley is oe, Maps taken from the 1943 Annual 
Report [47] of the Grain Research Laboratory, Board of Grain Commis- 
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Fic. 7. Maps of Western Canada showing: (A) protein-content of six-row barley; 
(B) origin of carlots of 2 C.W. six-row barley; and (C) origin of carlots of 3 C.W. six- 
row barley; for the 1942-3 crop year. In (B) and (C) each dot represents five carlots. 
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sioners for Canada, are shown in Fig. 7; they represent all carlots of the 
principal malting grades of western Canadian barley shipped and inspec- 
ted during the 1942-3 crop year. 

In addition to published papers the malting laboratory has prepared 
each year since 1936 a report dealing with all samples tested for agrono- 
mists and plant-breeders. These reports have been made available to 
those interested in them through the mimeographed proceedings of the 
Associate Committee on Grain Research (Canada). During the past 
eight years the laboratory has made malting tests on an average of 540 
samples (1,080 malting tests) a year. Prediction-tests based on barley 
analyses were started about three years ago and are becoming increasingly 
popular with plant-breeders. Thoughthewar has reducedall programmes, 
it seems fr that about 250 samples of new hybrid lines will be 
tested by this procedure during the current year. From time to time the 
laboratory also makes very extensive tests of some new variety to determine 
whether it is suitable for malting western Canadian barley. The com- 
mercial malting companies co-operate in these studies. None of the 
smooth-awned varieties has yet passed these more rigorous tests, but some 
promising varieties are in sight. The malting laboratory will be operated 
on a minimum scale during the war to provide only such services as are 
required to facilitate the main barley-breeding programmes in progress 
in Canada. Thereafter time and staff will probably be made available for 
an augmented research programme. 

Summary.—In 1926 laboratory equipment for malting small samples 
of barley was developed at the University of Manitoba, Winnipeg, 
Canada. About ten years later an expanded programme of research was 
undertaken, both in Manitoba and in the National Research Labora- 
tories, Ottawa, and improved laboratory malting equipment was ce- 
veloped. The latest models are described in Part I of this paper. 

Studies made with this equipment have dealt mainly with varietal differ- 
ences in malting quality, and were designed primarily to assist agrono- 
mists and plant-breeders. The limitations of the malting test have been 
assessed by investigating (i) its precision, (ii) the differential effect of 
malting methods on varieties, and (iii) the differential response of varie- 
ties to environment; the last of these is the limiting factor in differentia- 
ting between varieties. Comprehensive studies of varieties have served 
to establish O.A.C. 21 as a standard variety because of its high content 
of extractable material and its superiority in enzymatic activity. A 
better understanding of the nature of malting quality has been sought by 
examining the relations between various barley and malt properties; 
and this study has also led to the use of rapid prediction tests, based on 
barley analyses, for selecting the most promising lines submitted by 
plant-breeders. Direct assistance has been given to plant-breeders by 
testing over 4,000 samples during the past 8 years. Some promising new 
varieties of barleys have been developed, and one or two may soon be 
available for general distribution. 


[All references to the literature were given at the end of Pt. I (this J., 1944, 12, 232.] 


(Received March 27, 1944) 
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THE INDIGENOUS AMERICAN POTATOES AND THEIR 
VALUE IN PLANT-BREEDING 


PART I. RESISTANCE TO DISEASE 
J. G. HAWKES 
(Umperial Bureau of Plant-Breeding and Genetics, School of Agriculture, Cambridge) 


Introduction.—The importance of the potato as a staple crop plant has 
been realized for nearly two centuries. Its place in the agricultural 
economy of all temperate countries throughout the world has come to be 
second in importance only to the cereals in spite of the fact that it was not 
introduced from South America until the end of the sixteenth century. 
Like that of so many cultivated plants the story of its first introduc- 
tion is a mass of conflicting evidence. The view generally held, however, 
is that about two! samples were brought to Europe in the first instance. 
Potato-breeding, until the beginning of the present century, was almost 
entirely confined to the production of different combinations and permu- 
tations of the gene material present in these two original introductions; 
during this process many genes of potential value were, no doubt unwit- 
tingly, discarded and completely lost. After the potato disease and famine 
in Ireland in 1845 certain new introductions were made into England, the 
United States, and continental Europe in the hope of obtaining resistance 
to this dread disease that was later shown to be caused by the blight 
fungus Phytophthora infestans. ‘Thus Goodrich obtained his ‘Rough 
Purple Chile’ from Panama in 1851, from which was derived, among 
others, the variety Early. Rose. Wild species such as Solanum demissum, 
S. cardiophyllum, S. etuberosum, S. Commersonu, and S. Maglia were 
all brought over from Mexico or South America at about this time, 
chiefly with the hope of solving the problem of the ancestry of the Euro- 
pean potato and of finding some type which possessed disease-resistance. 
Unfortunately, even S. demissum seemed to succumb to blight according 
to Lindley [1], although we know now that most forms of this species are 
highly resistant. 

At the turn of the nineteenth century, therefore, potato-breeders were 
faced with a situation in which all the main problems of disease-resistance 
remained unsolved. 

The credit for initiating a new era of potato-breeding must un- 
doubtedly rest with Salaman who, in 1908, showed that blight-resistance 
was present in the two species S. edinense and S. demissum; breeding 
work indicated that the resistant qualities were hereditary and could be 
passed to the offspring when S. demissum was crossed with S. tuberosum. 

At this period all the fresh introductions of potatoes from the American 
continent were of a comparatively haphazard nature, consisting of one or 
two tubers picked up in a market or dug up by some botanical collector who 


' According to Dr. R. N. Salaman (personal communication) there were probably 
about 4 distinct varieties known in Europe during the early years of the seventeenth 
century. 
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had no, or very little, knowledge of the problems which potato-breeders 
were endeavouring to solve. In 1925, however, a fresh stimulus was 
given by the Russian expeditions, which, for the first time in the history 
of plant-breeding, had as their objective the collecting of wild plants from 
all over the globe. The view that plant-breeders could work to the best 
advantage only when they had all the possible genetic material at their 
disposal was the chief basis for this gigantic venture. How, they argued, 
could they hope to solve the problems of disease-resistance with the very 
limited number of genes present in the odd samples brought to Europe 
by collectors whose real interests lay in directions other than those of the 
plant-breeder? In consequence, in the quest for new potatoes, expedi- 
tions were equipped to Mexico and South America, the original home of 
this plant, when besides finding species and varieties resistant to disease, 
the important quality of frost-resistance was discovered for the first time. 
The importance of these expeditions was quickly realized by other 
countries, and several, of which the British Empire Potato Collecting 
Expedition was the most recent, were sent out in their wake. 

Thus in the early 1930’s the new era of potato-breeding, started by 
Salaman and so liberally developed by Vavilov and his co-workers, was 
beginning to take the form by which we know it to-day. Blight-resistance 
had been found in many other species in addition to S. demissum, frost- 
resistance had been discovered, and the conception of wide species- 
crosses with wild or primitive cultivated types as the basis of nearly all 
Se schemes was coming more and more to the fore. When 

reeding for qualities that have not yet been discovered in the domestic 
varieties, bearing in mind the already startling discovery of cold-resistance 
in a genus whose previously known species succumbed to the slightest 
touch of frost, one cannot avoid the conclusion that a thorough search 
ought to be made among the South American species to see whether the 
qualities required exist in them. It is, of course, an exaggeration to 
attribute all the good economic features to South American types: many 
characteristics such as high yield, good flavour, and wart-resistance are 
already present in our domestic stocks. Nevertheless, in most other 
cases a knowledge of the range of variation in the South American and 
Mexican potatoes is essential if the genetic variation within the species- 
groups is to be utilized to the full. 

It is the purpose of this article to indicate the most recent advances in 
our knowledge of the native American species and the uses to which they 
have been and might be put by plant-breeders. First, however, it will be 
necessary to give a vars survey of the classification and distribution of 
the different species in relation to their breeding capabilities. Without 
such a survey the breeder is liable to become confused by the bewildering 
array of names, countries, and chromosome numbers that are all con- 
nected with breeding-problems. 


Geographical Distribution of Potato Species 


Although it is customary to say ‘South American’ potatoes when 
referring to the wild and cultivated indigenous types of tuberous Sola- 
nums of the American continent, a more correct definition would be 
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lers ‘Latin American’ or simply ‘American’, since they are to be found also in 
Vas Central America, Mexico, and southern U.S.A. Wild potatoes, in fact, 
ory are very widespread on the American continent, occurring from the 
om south-western states of the U.S.A. southwards through Mexico and the 
est Central American republics into the southern sub-continent. In South 
eir }! America they are abundantly represented in all the west coast countries 
ed, —Colombia, Ecuador, Peru, and Chile—besides being found in Vene- 
ory zuela, Bolivia, Argentina, Paraguay, Uruguay, and Brazil. The chief 
pe | concentration of species occurs in the Andes mountains and on the 
he coastlands of Chile. 
di- Not only do certain wild species grow in the cold, frosty regions of the 
of high Andes at altitudes of 14,000 ft. and over, but others occur in the dry 
Se, coastal deserts of Peru and north Chile, and in the desert valleys of south 
e. Bolivia and north Argentina. Others again are to be found in the wet 
er Andean forests, and still others in the hot scrub regions of the Gran 
ng Chaco. In fact, wild species have become adapted to all types of plant 
environment with the exception of tropical rain forest. 
Dy It seems obvious, therefore, that breeders wishing to produce varieties 
as suitable for climates other than those of north-west Europe should look 
ce towards these wild potato species as a basis for their breeding work. 
t- South American cultivated species are much more limited in their 
S- range than the wild ones, occurring originally only in the high Andes of 
I] Colombia, Ecuador, Peru, Bolivia, and north Argentina, and in the 
nN coastal regions of south Chile—both regions of more or less cool tem- 
iC perate climate. In addition, a few cultivated types are to be found in 
Guatemala and Mexico. With these latter exceptions the cultivated potato 
st is restricted in its indigenous area of distribution to South America. We 
mentioned above that the potato was cultivated in the cool temperate 
e€ regions of the Andes; certain species, however, such as S. Fuzepczukit, 
fo) S. curtilobum, and S. ajanhuiri, may be found growing at higher, cooler 
y altitudes and can withstand a certain amount of frost. Other species, 
e such as S. phureja, S. Cardenasii, S. Rybinu, and S. Ascasabii, grow at 
r lower, almost subtropical levels. It will be necessary to discuss these 
d again in more detail below, when the problems of breeding for cold- 


resistance and for adaptation to warm climates are under review. 


Systematic Classification of Potato Species 


An outline of the complex classification of potato species is given here, 
since it was felt that without it the range of material could not be dealt 
} = with adequately when breeding possibilities were being discussed. 
Knowing the value of a certain species and the fact that other species 
are related closely to it, a breeder can confidently look towards these 
latter for similar characteristics, perhaps in more favourable combina- 
tions for the purposes he has in mind than in the original species. ‘The 
) — success of his interspecific crosses also depends on a knowledge of the 
species relationships and especially of the chromosome numbers. In the 
10-year period before the Russian expeditions the chromosome number 
of the cultivated potato was thought to be 48; none of the European 
domestic potatoes varied from this number. Rybin [2, 3], however, 
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MAP 1. Geographical Distribution of Wild Potato Species in North and South America 
The thirteen series or groups of species are indicated by different types of shading. 
The distribution of V Cardiophylla, LX Demissa, and X Longipedicellata in Central 


Mexico is, however, so nearly coincident that only one type of shading is given for all 
three. 
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working on the newly formed Soviet potato collections, found that a 
polyploid series existed in both wild and cultivated potatoes. ‘The basic 
number of this series was found to be 12, and in wild species one found 
diploids (2m = 24), triploids (2m = 36), tetraploids (2m = 48), penta- 
ploids (2m = 60), and hexaploids (27 = 72); amongst the cultivated 
species the polyploid series ranged from diploid to pentaploid. ‘The work 
of the present writer [4] on the chromosome numbers of the Empire 
Potato Collection (henceforth shortened to E.P.C.) abundantly confirms 
Rybin’s work, and in no cases have wild species with higher than 
hexaploid or cultivated with higher than pentaploid chromosome 
complements been discovered. 

A knowledge of the chromosome numbers of some of the previously 
known wild species, such as S. Commersonii and S. Maglia, gives an 
explanation of their sterility, since they were found to be triploids 
(2m = 36) with unbalanced chromosome sets. A key both to the breeding 
work and to the botanical relationships was given by the discovery of 
differing chromosome numbers in the different species. Nevertheless, 
at the present time it would be true to say that when interspecific crosses 
are contemplated, a knowledge of chromosome numbers may be mis- 
leading and can be of use only when taken in conjunction with a know- 
ledge of the systematic position of the species it is hoped to hybridize. 
This will be discussed in more detail below (see Part II, p. 36). 

Potatoes are classified botanically in the genus Solanum L.; ; but the 
tuberiferous species constitute only a very small portion, not more than 
10 per cent. of this genus, which in all comprises some 2,000 species. 
Potatoes come within the sub-section Hyperbasarthrum of the section 
Tuberarium and are distinguished, in addition to the fact that most 
produce tuberiferous stolons, chiefly by the pedicel or flower-stalk 
bearing a joint or articulation that is not situated right at its base. Within 
this sub-section are included about 200 wild and 20 cultivated species. 
Some of these, especially the wild ones, appear at first glance to bear no 
affinities with the cultivated potato as we know it in Europe. 

Sub-section Hyperbasarthrum has been further divided into some 13 
groups or series. The distribution of these series is shown on Map 1 
(see p. 14). A key to the identification of the series has appeared else- 
where [4], and we shall confine ourselves in the present account to a short 
description of each series with notes on the species included in it that 
are of most importance for breeders. 


Series I: Fuglandifolia Rydb. 

Here belong certain species, such as S. juglandifolium, S. ochranthum, 
and S. lycopersicoides, that have not been studied in the living state. 
It is probable that they would not hybridize with the cultivated potato 


since they are rather distinct morphologically and their tuber-bearing 
qualities are doubtful. 


Series II: Contcitbaccata (Oxycarpa) Bitt. 


Species with elongated-oval or conical berries are placed in this series. 
Probably not all the species bear tubers; those types so far studied in the 
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living state possess 48 somatic chromosomes but have not yet been 
crossed with any other tuber-bearing species. S. colombianum, S. oxy- 
carpum, S. lignicaule, S. violaceimarmoratum, and others belong here. 


Series III: Etuberosa Juz. 


The chromosome number of this non-tuberiferous Chilean series is 
2n = 24. The species are distinguishable by the very low, almost basal, 
pedicel articulation, and are probably of no importance to breeders. Here 
belong S. etuberosum, S. fernandezianum, S. Looseri, S. brevidens, &c. 


Series IV: Bulbocastana Rydb. 


Two Mexican species, S. bulbocastanum and S. morelliforme, with stel- 
late corollas and simple leaves are grouped here. The former species is a 
diploid blight-resister but has so far withstood all attempts at crossing with 
other types. S. morelliforme has not yet been studied in the living state. 


Series V: Cardiophylla Buk. 


This may prove to be an important group of species since the two 
so far tested, S. cardiophyllum' (2n = 36) and S. lanciforme, are blight- 
immune. Unfortunately they will not hybridize, so far as is known, with 
other species, though it is possible that some success might be obtained 
with S. lanciforme. ‘The species are characterized by dark green shining 
leaves and stellate buff or cream-coloured flowers. 


Series VI: Pinnatisecta Rydb. 


Closely related to Cardiophylla, differing in the non-shining leaves and 
white corolla. Only one species in this group has been studied in the 
living state, namely, S. Jamesii. Although difficult to cross with other 
species it may be of use to potato-breeders in the future. 


Series VII: Commersoniana Buk. 


The three series with stellate corollas mentioned above are all confined 
to Mexico and Central America. Commersoniana also possesses a 
stellate corolla but is confined to southern South America. Here are 
included such well-known species as S. Commersonii (2n = 36) and 
S. Ohrondiu (2n = 24); the numerous related diploid microspecies 
described chiefly by the Russian systematists also are grouped in 
Commersoniana. Under S. Commersonii in the wider sense are included 
S. Ohrondi, S. Henryi, S. sorianum, S. mercedense, S. mechonguense, 
S. laplaticum, and the triploid S. Commersonii sensu strictu from Monte- 
video. Slightly distinct from these are the species S. Millani, S. 
chacoénse, S. gibberulosum, S. Garciae, and S. Boergeri. From northern 
Argentina come the following species grouped under the collective 
species S. Parodi: S. Parodii s. str., S. Schicku, S. Knappet, S. Emmeae, 
S. Horovitz, S. saltense, and S. jujuyense. From south Bolivia comes 
S. tarijense, a species that is not very closely related to S. Parodit.? 

' Bukasov [5] describes S. coyoacanum as a separate species; the present writer is of 
the opinion, however, that this should be grouped with S. cardiophyllum. 

2 A new species, S. rionegrinum, has been mentioned, though not yet described, by 


the Russian potato-breeders. It will be mentioned later under the heading of frost- 
resistance. 
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These species have been given in full since they figure largely in the 
Russian literature on potato-breeding and contain amongst them species 
resistant to frost and to Colorado beetle. 


Series VIII: Acaulia Juz. et Buk. 


This is one of the most interesting series, comprising two frost- 
resistant species, S. acaule' and S. depexum. ‘They are distinguishable 
morphologically by the flattened rosette habit, almost invisible pedicel 
articulation, and extremely short corolla lobes. All forms of both species 
possess 48 somatic chromosomes. They are both highly resistant to frost. 


Series IX: Demissa Buk. 


This Mexican series is undoubtedly the most important from the point 
of view of breeding varieties resistant to blight, frost, and Colorado 
beetle. Its best known species, S. demissum, has been used more than any 
other as a basis in breeding for blight-resistance. Besides the hexaploid 
S. demissum (2n = 72), we have the two pentaploid species S. semidemis- 
sum (2n = 60) and S. Salamanii (2n = 60), and the diploid S. verrucosum 
(2n = 24). In addition, the so-called species, S. edinense (2n = 60), 
formed probably as a hybrid between S. demissum and S. tuberosum, is 
generally placed in this series. 

here is a certain similarity in the corolla form of Demissa and 
Acaulia. The rosette habit is not so universal in Demissa, occurring only 
in certain varieties of S. demissum, whilst the pedicel articulation is quite 
well defined. 


Series X: Longipedicellata Buk. 


The geographical distribution of Longipedicellata is also central 
Mexico and more or less confluent with that of Demissa. The species 
possess a certain degree of blight-resistance, though not so much as 
Demissa. They are distinguished by the chromosome number (27 = 48; 
36 in the hybrid species S. vallis-mexici), rather long pedicels (though 
this character is not always easy to determine), and the circular corolla 
with large acumens standing out sharply from it. The species grouped 
here are S. longipedicellatum, S. Antipoviczi (including S. neoantipoviczit), 
S. ajuscoénse (including S. candelarianum), S. malinchense, S. tlaxcalense, 
and the triploid S. vallis-mexict. 


Series XI: Cuneoalata Hawkes. 


This small series from South America was recently described by the 
present author [4] and includes S. infundibuliforme, S. platypterum, 
S. microphyllum, and S. glanduliferum. It is distinguished chiefly by the 
wedge-shaped wings on the central stalk or rachis of the leaf. The 
chromosome number in the species investigated is 2 = 24. So far no 
valuable characters have been discovered in this series, though there is a 
possibility that some may prove to be drought-resistant since they were 
found growing in very dry situations. 

' The species S. punae, described by Juzepczuk, is, in the opinion of the present 


author, no more than a variety of S. acaule. 
3988.49 Cc 
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Series XII: Polyadenia Buk. 


This is a monotypic series represented by only one species—S. poly- 
adenium—which is distinguished by dense glandular pubescence and 
unpleasant odour. It is probably closely related to series Tuberosa and 
should perhaps be included with it. S. polyadenium is chiefly noteworthy 
for resistance to blight and Colorado beetle. 


Series XIII: Tuberosa Rydb. 


Tuberosa comprises both wild and cultivated species, including our 
European domestic sorts. It is characterized in a negative way by absence 
of the special features which distinguish the series mentioned above. It 
is, in fact, a very wide grouping of species about many of which we do not 
possess sufficient knowledge to separate them into distinct series. 


TaBLe I. Cultivated Species in Tuberosa 




















Chromo- 
some 
Species name | number __ Valuable qualities Disadvantages 
S. stenotomum Juz. et Buk. 24 Frost-resistance in 
some forms | 
S. Churuspi Hawkes ° 24 i | 
S. Yabari Hawkes . ° 24 Early maturity | 
S. goniocalyx Juz. et Buk. 24 Good flavour and 
yield in _ native 
country 
S. Cardenasii Hawkes. 24 Earliness; no dor- || Virus-susceptible ; low 
mancy; growth at || yield; short-day 
S. phureja Juz. et Buk. . 24 higher _tempera- photoperiodic _ re- 
tures action 
S. ajanhuiri Juz. et Buk. .« 24 Frost-resistance 
S. Ascasabii Hawkes ‘ 24 Earliness; no dor- 
mancy 
S. Kesselbrenneri Buk. . 24 Earliness; no dor- 
mancy 
S. Rybinii Juz. et Buk. . 24 Earliness; no dor- 
mancy J 
S. Fuzepczuki Buk. ° 36 Frost-resistance Sterility; poor yield; 
short-day _ photo- 
periodic reaction 
S. chaucha Juz. et Buk. . 36 Earliness Low fertility 
S. tenuifilamentum Juz. et 
Buk. . - ; : 36 High yield vs r 
S. mamilliferum Juz. et Buk. 36 ae ~ ie 
S. coeruleiflorum Hawkes . 36 i a ” 
S. andigenum Juz. et Buk. 48 High yield, fertility | Short-day photoperi- 
and vigour |  odic reaction 
S. tuberosum L. (sensu | 
strictu) ‘ ‘ : 48 | High yield | Male sterility ; disease- 
susceptibility 
S. curtilobum Juz. et Buk. | 60 Frost-resistance Low fertility; poor 
| flavour 





The plants always bear tubers (under the appropriate environmental 
conditions) and possess a rotate corolla and globular berries. ‘The poly- 
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ploid series in the wild species of this group is represented from diploid 
to tetraploid, whilst among the cultivated potatoes we have diploid to 
pentaploid types. From the breeders’ point of view Tuberosa is not so 
important as Demissa, Acaulia, and Longipedicellata, since the qualities 
of S. tuberosum (the typical member of the series) of high yield and good 
flavour are, of course, already available. 

The following well-known wild species are grouped in Tuberosa. 
Those not known in the living state have been excluded from the list: 
S. Abbottianum, S. anomalocalyx, S. aracc-papa, S. Ballsti, S. Berthaultii, 
S. boliviense, S. brevimucronatum, S. Bukasovii, S. calcense, S. catar- 
thrum, S. Fendleri, S. fragariaefructum, S. Herrerae, S. lapazense, 
S. Lechnoviczii, S. leptostigma, S. Macolae, S. Maglia, S. medians, 
S. Molinae, S. multidissectum, S. pampasense, S. punoénse, S. simplici- 
folium, S. Soukupu, S. subandigenum, S. sucrense, S. Vavilovii, S. Weber- 
baueri, S. Wittmacku. Frost-resistance has been demonstrated in S. Bu- 
kasovu and S. Abbottianum, but otherwise the wild ‘Tuberosa species do 
not seem to possess many qualities of obvious advantage to the breeder. 
They are, furthermore, rather easily susceptible to virus diseases so far as 
can be judged from field observations. 

The cultivated species in Tuberosa are of more use than the wild ones. 
Those recognized by the author are given in Table I together with short 
details on their breeding qualities that will be referred to more extensively 
under the appropriate sections. 

Maps 2 and 3 (pp. 20, 21) indicate the approximate ranges of the 
various Cultivated species in South America. It will be noted that they 
do not spread beyond the confines of the southern sub-continent; 
varieties of S. andigenum were reported in limited areas in Guatemala 
and Mexico by Bukasov [5], and the E.P.C. also contains samples from 
central Mexico. It is not known with complete certainty, however, 
whether their cultivation in these countries is really indigenous or 
whether they were introduced in recent times. 


Special Uses of the American Potatoes in Breeding 
Disease-resistance 


The South American and Mexican potatoes have been of much 
greater use in breeding for disease-resistance than our domestic sorts. 
Although most of the work has been done on blight-resistance, the wild 
types have also been used in attempts to solve the problems of scab, 
Colorado beetle, and virus-resistance with varying degrees of success. 

Besides outlining below the latest stage of the work with the various 
diseases and pests, and the part played by the American potatoes in 
breeding resistant types, we shall also deal with certain other important 
diseases and pests such as eelworm, whose control is as yet unknown. 
With these it is suggested that the American indigenous potatoes might 
be used far more than they have been in the past in attempting to 
discover genes for resistance. 

Resistance to blight (Phytophthora infestans).—Blight-resistance is found 
almost exclusively in Mexican and southern United States species, and 
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MAP 2. Distribution of Diploid and Pentaploid Cultivated 


Potatoes in South America 
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MAP 3. Distribution of Triploid and Tetraploid Cultivated 
Potatoes in South America 
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Reddick [6] goes so far as to state that there is no blight immunity in the 
South American types. There does, however, seem to be a certain degree 
of resistance in some forms of S. andigenum; Bukasov [7] considers that 
the Wohltmann group of blight-resisters in Germany probably contain 
certain S. andigenum genes. Most South American species, especially 
the Chilean ones, are highly susceptible. It is noteworthy that Dr. S. 
Dickinson (verbal communication), working on the tuber-resistance of 
the E.P.C., found resistance to blight-penetration in the tubers of certain 
clones of S. chaucha (E.P.C. 400), S. goniocalyx (414, 775), S. andigenum 
(458), and S. curtilobum (385, 394). 

The following North American species have been shown by various 
workers to be resistant to leaf-infection to a very high degree: S. demis- 
sum (some clones), S. bulbocastanum, S. polyadenium, S. cardiophyllum 
(= S. coyoacanum), and S. lanciforme. A lower degree of resistance is 
found in certain other varieties of S. demissum, in S. semidemissum, S. 
verrucosum, S. Salamani, S. longipedicellatum, S. Antipoviczii, S. ajus- 
coénse, S. vallis-mexici, and possibly in S. malinchense and _S. tlaxcalense. 

The most useful species is S. demissum, since the others are either 
sterile or do not possess such a high degree of blight-resistance. The 
general method of | breeding with this species is to back-cross S. demissum 
x S. tuberosum hybrids to the same or a different domestic variety for 
several generations. It is generally advisable not to use the same domestic 
variety in the different back-crosses, since if the same one is used a dwarf 
progeny results. Salaman [8] advocates a more complicated method, 
using several self-fertilized generations. Bukasov [7] also mentions that 
Nechiporchuk and Alsmik when crossing S. demissum with S. andigenum 
crossed the F2 and F3 with S. tuberosum, promising lines being obtained. 

Both S. Antipoviczii and S. ajuscoénse have been used, with varying 
success, in the production of blight-resistant hybrids. Their chief draw- 
back is the difficulty with which they cross with S. tuberosum, even 
though the chromosome numbers are the same. It is generally more 
difficult to obtain seedlings of high economic quality with these species 
than with S. demissum, since the F1 hybrids possess 72 chromosomes of 
which 48 are thought to come from the wild parent. The seedlings are 
therefore overburdened with the wild-type chromosomes. PuSkarev [9] 
states that domestic x S. ajuscoénse hybrids are self-sterile and are nearly 
all blight-susceptible. He considers S. demissum to be a far superior 
parent in every way to S. Antipoviczii and S. ajuscoénse. Sidorov [10], 
however, claims superiority for the F2 of S. Antipoviczii « S. tuberosum 
crosses, saying that they possess higher yield, more marked immunity, 
and higher starch-content than S. demissum hybrids. 

A discovery of theoretical as well as practical interest is the fact that 
blight-resistance has been found in hybrids between S. acaule and other 
species originally from South America. PuSkarev [9] reports that 
Blagovidova’s hybrids of S. acaule with domestic potatoes were both 
frost- and blight-resistant, and also immune to black-leg. Kameraz [11] 
also remarks that S. punae [= S. acaule var. punae J. G. H.] = Fiirsten- 
krone was resistant to blight. So far as the writer is aware this work has 
not been repeated outside the U.S.S.R. 
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The only other species that shows promise in breeding for blight- 
resistance is S. vallis-mexici, of which Perlova [12] obtained the auto- 
hexaploid form. This is stated to be quite fertile and might therefore be 
used in the same way as S. demissum. The new species, S. Salamanit, 
has not yet been tested for its breeding capabilities, and crosses have not 
yet been made to see whether it would form a suitable parent for breeding 
blight-resistant forms. 

It would seem, therefore, that in general S. demissum is still by far the 
most promising wild species to use in breeding for blight-resistance; 
especially since it also possesses the very useful characters of resistance 
to frost and Colorado beetle. Furthermore, the breeding with this species 
has almost reached the stage when new blight-resistant varieties are 
ready for the commercial market, thus testifying to its very great practical 
value in breeding for resistance to blight. 

Wart-resistance.—It is hardly necessary to include a section on resis- 
tance to wart (Synchytrium endobioticum) in the present work, since the 
problem has already been solved by making use of the domestic varieties. 
It is, however, noteworthy that wart-resistance is found to a very wide 
extent in American potato species. Bukasov [13] states that S. andigenum 
may be less susceptible on the whole than S. tuberosum s. str., since a 
higher proportion of its varieties are found to be immune. 

The following species are said to be immune: S. dolichostigma, 
S. Martinezti [ = var. of S. Antipoviczii?|, S. Molinae, S. leptostigma, 
S. famesi,' S. edinense, S. ajanhuiri, and S. curtilobum. A high degree of 
resistance is claimed for S. Commersoniu, S. demissum,' S. aracc-papa,' 
S. palustre, S. stenotomum, and S. chaucha. Specimens of the E.P.C. 
subjected to Ministry of Agriculture wart tests show the following species 
to be resistant: S. andigenum (20 clones), S. fuzepczukii (1 clone), S. tari- 
jense (1 clone), S. acaule (1 clone), S. Maglia (1 clone), and S. demissum 
(1 clone). 

The fact that so much wart-resistance is to be found in the Andean and 
Chilean types indicates that wart is probably indigenous and widespread 
in these regions. Bukasov [13] reports, however, that there were no 
infected tubers in the collections brought back by the Russians from 
South America. There were, on the contrary, quite a number of wart- 
infected tubers in the material collected by the Empire expeditions, 
though only from Bolivia and Peru, the following species showing 
infection: S. andigenum (2 clones), S. stenotomum (1 clone), S. Fuzep- 
czuki (1 clone), and 5 unidentified clones from south Peru. 

In a recent paper Braun [14] reports the recovery of more aggressive 
biotypes of this disease. If many of our domestic varieties are found to 
be susceptible to these in the event of their spreading, there is a possi- 
bility, arguing from our experience with blight and other diseases, that 
some of the South American species may prove resistant. 

Scab-resistance.—Resistance to common scab (Actinomyces scabies) 
is present in many, especially the russeted, domestic varieties, although 
Darling [15] does not consider that complete immunity has yet been 
found in the domestic potatoes. Reddick [16] claims immunity, both in 

’ Resistant according to Braun; susceptible according to Ducomet. 
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field and greenhouse tests, for the wild species S. Commersonit, S. cha- 
coénse, ‘“S. Caldasti var. glabrescens’ [= S. Parodii sp. coll.?—J. G. H.], 
and S. Famesit. Bukasov [17] also suggests that S. Bukasovii and the 
triple hybrids with S. goniocalyx and S. Bukasovii may be immune in 
view of the russeted skins of the tubers. Although it is doubtful if the 
species mentioned by Bukasov are resistant, those tested by Reddick 
might be used in breeding for scab-immunity for very heavily infected 
soils, or in cases where other, more virulent races of scab occur. Unfortu- 
nately the above-mentioned species are difficult to cross. 

Immunity to powdery scab (Spongospora subterranea) is apparently 
not present in commercial varieties; many wild and native cultivated 
types are also attacked, especially by the canker form of this disease. 
The writer, when in South America, observed powdery scab on the wild 
north Argentine species S. tilcarense and on certain clones of S. andi- 
genum in Bolivia and Peru. Two clones of S. Fuzepczukii and one of 
S. ajanhuiri were also infected. 

Bukasov [7] quotes Dorozhkin’s statement that immunity to powdery 
scab has been established in S. aracc-papa, S. mamilliferum, S. Rybinit, 
S. curtilobum, S. andigenum subsp. tarmense and vars. funzanum and 
puca-mama, and the Chilean S. tuberosum vars. chilotanum, recurvatum, 
and roseum. 

It would seem, therefore, that there is abundant material among both 
the wild and cultivated American potato species for breeding commercial 
varieties resistant to powdery we 4 

Bacterial diseases.—Little work has been done with these in connexion 
with the South American potatoes. Bukasov and Naumov [18] report 
resistance to black-leg (Bacillus phytophthorus) in S. andigenum vars. 
funzanum and cuzcoénse; also in the subspecies tarmense, var. latius. 
There are no other results, so far as the writer is aware, of tests on the 
resistance of the South American species to bacterial diseases, and an 
almost open field for future research is presented on this subject. 

Virus-resistance.—The problem of resistance to virus diseases has not 
been so amenable to solution as, for instance, that of blight. One of the 
reasons lies in the difficulty of identifying the various types of virus that 
affect the potato; another to the controversy over the exact nature of 
viruses and the methods by which they are spread. A view widely held 
in Russia is that held at one time by Merkenschlager. On this hypo- 
thesis, for the most part discredited in countries other than Russia, the 
virus-disease symptoms are looked upon as a type of physiological 
depression or degeneration, not attributable to any parasitic organism 
but rather to the growing of the potatoes under unfavourable ecological 
conditions. On this view it would be of no profit to try to breed for 
virus-resistance; and in Russia, where most work has been done on the 
indigenous American potatoes, we find the least amount of research on 
their resistance to virus. 

The first mention of virus-resistance is by Salaman [19], who states 
that S. edinense appears to be resistant to leaf-roll. Bukasov [17] considers 
that S. Rybiniz is resistant to virus degeneration, and Schic Pel verifies 
this, adding that S. Kesselbrenneri and a fertile S. chacoénse x S. tuberosum 
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hybrid are also highly resistant. Bukasov and Naumov [18] find that 
S. Molinae and the following varieties and forms of S. andigenum have 
remained almost free from virus after many years’ cultivation in the 
U.S.S.R.: var. socco-huaccoto, f. huilca, f. ccorau, and f. hualtca-lomo. 
Kameraz [11] reports that the wild species that have suffered least 
from viruses are S. Commersonii, S. Emmeae, S. vallis-mexici, and S. Mag- 
lia, whilst a slower attack is observed on S. aracc-papa and S. Herrerae. 

All these notes on resistance to virus or freedom from degeneration 
are, it would seem, made from field observations only. No notes were 
made by the Russian investigators on the different viruses infecting 
potatoes in the U.S.S.R., from which the varieties named might be pre- 
sumed to be immune, for the reasons already mentioned. Methods for 
testing for the virus-content and resistance of potatoes are comparatively 
recent, being developed chiefly in Great Britain and the U.S.A. 

Probably the first genuine virus immunity was found in the United 
States Department of Agriculture seedling No. 41956; this clone was 
shown to be completely immune to virus X. It was derived from crosses 
between domestic types and a native Chilean variety that was generally 
supposed to have conferred the immunity factor(s) [21]. 

Critical work on virus-resistance and immunity in South American, 
Mexican, and European domestic potato sorts has been done by 
Cockerham! [22]. He found field immunity, i.e. a necrotic reaction that 
kills the plant immediately on infection and hence prevents any further 
spread, to viruses X, A, B, and C in both domestic and American types. 
This reaction has been shown to be dependent on single dominant genes, 
which have been named Nx, Na, Nb, and Nc respectively. Necrotic 
reaction to X was shown to exist in S. andigenum (19 clones), S. curti- 
lobum (1 clone), S. Juzepezukii (1 clone), S. jujuyense [= S. Parodii sp. 
coll.], and S. brevimucronatum. Na was demonstrated in the following 
species: S. saltense, S. chacoénse, S. demissum, S. semidemissum, S. Sala- 
manit, S. ajuscoénse, S. malinchense, S. infundibuliforme, S. leptostigma, 
S. simplicifolium, S. andigenum, and S. curtilobum. Nb was found in 
S. cardiophyllum, S. demissum, S. andigenum, and S. curtilobum. Ne was 
found in S. demissum, S. semidemissum, S. Salamanii, S. saltense, S. sim- 
plicifolium, S. subandigenum, and S. andigenum, though not in so many 
clones as Na. Cockerham states further that, in addition to the field 
immunity reaction mentioned above, there may be positive factors for 
resistance in certain clones of S. Rybinii, S. andigenum, and S. curtilobum, 
since no symptoms have been observed when X-bearing scions are 
grafted on to them, nor has the virus been recovered. 

Very violent reactions (designated S+ by Cockerham) to virus Y 
have occurred with SS. demissum, S. Salamanii, S. semidemissum, S. malin- 
chense, and S. simplicifolium (according to Cockerham’s data from the 
list mentioned on the footnote below). It is of some interest to note that 
all these species, with the exception of the last named, come originally 
from Mexico. In a recent letter, from which Cockerham has kindly 

' Details of Cockerham’s tests that do not appear in his paper were kindly supplied 


by Mr. W. Robb, Director of the Scottish Society for Research in Plant Breeding; 
March 1943. 
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allowed the author to quote certain details, it is stated that full systemic 
infection by virus Y in the field may take place with these varieties, 
and hence ‘the S+ reaction cannot be accepted as indication of field 
immunity. It may nevertheless be of value, but that remains to be 
proved.’ Other than this, there is not the slightest indication, as yet, 
of any kind of immunity to virus Y. 

Summing up this section, one cannot do better than to quote from 
Cockerham’s paper: “The possibilities of even more useful forms of 
resistance in the wild material are gradually coming to light and there is 
considerable prospect, therefore, of achieving a fair measure of control 
over virus diseases through the introduction of potato varieties which 
are more resistant than those at present in cultivation.’ 

Eelworm-resistance.—No_ varieties definitely immune to eelworm 
(Heterodera schachtii) have yet been discovered, either amongst South 
American or domestic stocks. Leiper [23], however, mentions that some 
of the South American types collected by the British Empire expedition 
show considerable resistance. Promising results have also been obtained 
by Dr. C. Ellenby (unpubl.) with certain wild potato species from the 
E.P.C. Preliminary experiments have indicated that no hatching of the 
eelworm cysts takes place with S. depexum and S. Fendleri, whilst very 
few hatchings were obtained with S. calcense, S. pampasense, S. anoma- 
localyx, S. glanduliferum, S. lanciforme, S. cardiophyllum, S. Berthaultit, 
= demissum, S. acaule, S. Maglia, S. Yabari, S. Churuspi, and S. Asca- 
sabii. 

Resistance to Colorado beetle.—This has definitely been found amongst 
the American wild species. The following are, according to Schaper [24], 
absolutely poisonous to the beetle: S. Caldasii [= S. Parodii sp. coll. ?] 
and S. Commersonii. Resistant species are S. demissum, S. —— S. 
polyadenium, S. Henryi, and S. chacoénse. Schwartz and Miiller-Bohme 
[25] and Trouvelot [26] record complete immunity for S. demissum, 
S. Famesit, S. polyadenium, and S. chacoénse, whilst S. Commersonit, 
S. acaule, S. verrucosum, and S. chacoénse x Pepo are said to be highly 
resistant. Breeding with the resistant species has taken place chiefly in 
France and Germany, and, as a result of this work, Sellke [27] considers 
the most promising parent to be S. demissum; hybrids with that species, 
besides being more fertile than those made with S. Famesii and S. poly- 
adenium, were more resistant than the hybrids produced from the other 
resistant species. 

Resistance to leaf hopper and flea beetle-—Sleesman [28] reports that 
S. polyadenium is very resistant, if not immune, to the leaf hopper 
(Empoasca fabae) and flea beetle (Epitrax cucumeris). 'This may be largely 
due to the disagreeable odour produced by the abundant glands on that 
species. S. chacoénse, S. Commersonii, and S. Caldasii [= S. Parodu 
sp. coll.?] are also said to be highly resistant to leaf hopper, whilst 
S. bulbocastanum is moderately resistant to flea beetle. No breeding for 
these resistant qualities has been carried out so far as the present writer 
is aware. 
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PART II. PHYSIOLOGICAL PROPERTIES, CHEMICAL COMPOSITION, 
AND BREEDING CAPABILITIES 


Physiological Properties 


As with disease-resistance the American indigenous potatoes have shown 
a much greater plasticity and variability in their physiological properties 
than our domestic sorts. Cold-resistance, and a wide variation in photo- 
periodic response, time of maturity, and tuber dormancy have been dis- 
covered in the nativetypes. Many of these qualities have been of direct 
advantage to the potato-breeder and should be of special use in regions 
which were previously thought to be too cold or too warm for successful 
potato cultivation. Most of the work in this sphere has been done on 
frost-resistance, in acclimatizing potatoes to arctic or subarctic condi- 
tions in the U.S.S.R., but several other lines of research are waiting to be 
explored. Perhaps the chief of these is the production of early frost- 
resistant varieties for temperate climates. The problems of drought- 
resistance, also, have hardly been touched upon. 

Frost-resistance.—The quality of frost-resistance was discovered first 
by the Russian breeders in the wild and cultivated native American 
species, occurring in the series Acaulia, Demissa, Commersoniana, and 
Tuberosa. 

Probably S. acaule is the most resistant type, withstanding —8° or even 
—10° C. It is less resistant towards the end of the season according to 
Razumov [29], and this diminution of resistance is no doubt common to 
all potatoes. S. demissum is another extremely important species, since it 
combines both frost- and blight-resistance with immunity to Colorado 
beetle. According to Kameraz [11] it is not quite so hardy as S. acaule, 
since it will not withstand more than 5° of frost. S. semidemissum and 
S. edinense are also stated to be resistant to —5° C. Among Commer- 
soniana the same author states that tolerance of —3° to —5°C. is 
observed in S. Henryi, S. Ohrondit, S. Commersonu, and S. Millanit. 
The hardiest of all this series is, according to Lechnovicz [30], S. 
rionegrinum, which will even withstand temperatures of —11° C.; he 
compares it with S. acaule in its degree of resistance. Besides S. acaule, 
in the series Acaulia, S. depexum is highly frost-resistant. 

Amongst Tuberosa the wild species S. Bukasovii can withstand — 3° 
to —5° C., and S. Abbottianum rather less. S. ajanhuiri, S. Fuzepczuki, 
and S. curtilobum, all cultivated species, are resistant, though not as 
strongly so as S. acaule. 

The frost-resistance of the Empire Potato Collection has been tested 
by Mr. C. M. Driver (unpublished); the specimens were subjected to a 
temperature of —3° C. for 2 hours after a preliminary cooling. ‘The 
following species and varieties showed a high degree of resistance: 
S. acaule, S. acaule var. subexinterruptum, S. acaule var. checcae, S. 
depexum var. chorruénse, S. pampasense, S. demissum, S. semidemissum, 
S. Commersonii, S. ajanhuiri, S. stenotomum (2 clones only), S. Fuzep- 

suki, S. Juzepczuku var. parco, and S. curtilobum. 
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Breeding for frost-resistance has made use chiefly of the two species | 
S. acaule and S. demissum. S. Bukasovii, a fertile diploid species from 
Peru, has also been used to some extent, as has the cultivated 5S. 
curtilobum. Of the vast amount of breeding work for frost-resistance 
there is only space to mention here Kovalenko’s hybrids between (S. 
acaule x Fiirstenkrone) «(S. Rybinii x S. Bukasovii) [7]. These, when 
crossed with S. tuberosum, were reported to combine blight- and frost- 
resistance with high yield. 

Vesselovskii [31] also produced hybrids between S. acaule and S. 
goniocalyx (2n = 24), which were then crossed with Alma, Centifolia, 
and Rawling Kidney. S. acaule x S. phureja crosses were also made. 

Bukasov reports that some of Kovalenko’s S. curtilobum hybrids have 
yielded well and withstood frosts of —4° to —5°C., but are very 
susceptible to blight. Vesselovskii [32] found that Epicure x S. curti- 
lobum hybrids produced abundant seed that was very useful for growing 
in the northern regions of the U.S.S.R. without raising seed-tubers in 
the first instance. 

Breeding for frost-resistance is comparatively easy when S. demissum 
is made use of, since this species will cross easily with S. tuberosum and 
can also confer the qualities of blight-resistance to the hybrids. As we 
have seen above in the section on blight-resistance, this quality also 
occurs in some S. acaule hybrids. On the other hand, S. acaule is more 
difficult to cross with S. tuberosum and is found to hybridize more easily 
with the diploid species in the first instance. In any case.S. acaule should 
be used as the female parent, since its own pollen fails to fertilize other 
species; this is probably due to its extremely short style and consequently 
slow-growing or short pollen-tube which fails to reach the ovules in long- 
styled species. When triploid hybrids are formed between the tetraploid 
S. acaule and diploid species, duplication of chromosomes often takes 
place, resulting in hexaploids; these are quite fertile when crossed with 
S. tuberosum. 

The property of cold-resistance seems, according to Pissarev [33], to 
behave as a dominant in crosses between the South American species 
and S. tuberosum. According to Vesselovskii [31] the characters of the 
female parent tend to be more evident in the progeny; he therefore used 
the frost-hardy parents as females in making crosses for frost-resistance. 

Photoperiodic response.—It is necessary, when discussing the breeding 
value of the American indigenous potatoes, to make at least a short 
mention of their photoperiodic response. Our domestic sorts are 
accustomed to grow under the long summer day of temperate latitudes, 
but most of the South American sorts and those from Mexico grow and 
form tubers best under the short 12-hour day of the tropics; their yield 
is definitely decreased under the long day of Europe or other regions of 
equivalent latitude. When breeding potatoes for the tropics the short- 
day — may be of more use than our domestic sorts, though, on the 
other hand, the short-day response can be removed by breeding and 


selection. Potatoes from Chile or central Argentina do not react as 


short-day types, since the original localities are situated in regions where 
the summer days are quite long. 
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It will not be necessary here to discuss at length the mechanism of the 
photoperiodic response, since a critical review has recently appeared [34] 
in which the whole problem of photoperiodism in the potato is dealt 
with. In a few words, the indigenous American potatoes seem to be 
predominantly short-day in respect to tuber-formation with the ex- 
ception of the following higher-latitude species: S. Commersonit, 
S. edinense, S. Fendleri, S. Garciae, S. gibberulosum, S. Horovitzit, 
S. Jamesii, S. leptostigma, S. Macolae, S. Maglia, S. mechonguense, S. 
Millanit, S. polyadenium, and S. tuberosum. ‘The two species S. andi- 
genum and S. curtilobum, although predominantly short-day in type, do 
possess a very few long-day varieties. Furthermore, many short-day 
types yield better under cooler conditions, even where the day-length is 
quite long. Thus Bukasov [17] mentions that in the far northern 
regions of the U.S.S.R. ‘many potatoes which in Leningrad gave poor 
tubers, here in the extreme north formed tubers. The factor favouring 
tuberization here was the cold. The low temperature counteracted the 
long day and paralysed its effect.’ Even in the north of Great Britain, in 
Scotland, Mr. T. McIntosh reports in a letter to the writer that the two 
short-day species S. phureja and S. Kesselbrenneri have given quite 
good yields without any artificial shortening of the day-length. It is not 
known, however, whether all species would do equally well, although it 
is — that they would at least form some sort of yield. Only one 
cultivated species, S. Juzepczukii, is of such an extreme short-day type 
that it forms no yield whatever under the long-day conditions of Britain. 
Many wild species are probably of similar nature, though much more 
detailed work is needed on this subject. 

In respect of flowering, all species would seem to do well in their 
natural habitat whether -the day-length there is short or long; on the 
other hand, they will also flower freely under the long days of temperate 
latitudes. When given artificial short days under these latter conditions, 
however, the flowering in nearly all cases is depressed or entirely stopped. 
Bukasov [17] reports that S. Maglia, S. Commersonit, and S. subtilius 
flowered as well under artificial short days as under natural long-day 
conditions; these three species, therefore, seem to form an exception to 
the above rule. In the opinion of the present author [34] flowering is not 
dependent upon a photoperiodic response but on the quantity of light 
received, a long day of high latitudes supplying as much as a short day in 
tropical regions. To the breeder these points may seem rather academic; 
nevertheless, since one of the difficulties to be encountered with the 
American potatoes is their refusal to flower under certain conditions, a 
certain knowledge of the processes at work may be of great use. 

In breeding from short-day forms the dominant short-day characters 
may be removed by selection. According to Bukasov [17], the depressing 
influence of long-day on short-day types can be removed, even in the 
Fi in many cases. Schick [35], however, reports on S. andigenum 
S. tuberosum crosses that the majority of the Fr showed the dominant 
short-day reaction. He recommends back-crossing the F1 to European 
sorts in order to remove the short-day factors. 

Yield——The Russian scientists were the first to show that the concept 
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of yield should be expressed by two factors: (i) the photoperiodic re- 
action, and (ii) the inherent yielding capacity of the form in question. It 
is clear from the above section on photoperiodism that some types may 
be genetically high yielders although, because of an adverse photo- 
periodic effect, their actual yield may be quite low. Bukasov [13] states 
that some seedlings from domestic potatoes crossed with low-yielding 
native varieties have given very high yields: S. andigenum was the native 
type chiefly used, though apparently triple hybrids with S. Rybinit, S. 
phureja, and domestic varieties showed great promise. According to a 
report published by the Scottish Plant Breeding Station [36] S. Rybinii 
crossed with a domestic potato (Kerr’s Pink x S. Rybini) has given a 
seedling with the largest single yield so far obtained at that station. In 
general, however, varieties of S. tuberosum are by far the best types to use 
when breeding for yield; and in this question the American indigenous 
potatoes have little to offer the European breeder. Nevertheless, as 
mentioned before, there may be certain advantages in using a short-day 
type such as S. andigenum in breeding for tropical latitudes. 

Earliness and short dormancy.—The properties of extreme earliness 
and short dormancy are generally found linked together in the American 
potatoes. Although of little use for temperate countries, since sufficiently 
early types are already known, the combination of these two properties 
may be of great value in tropical climates where potatoes could be grown 
all the year round or where two crops per season are possible; the need 
for such types in India has already eck emphasized by Pal [37]. 

The most promising species are certain of the diploid cultivated 
Andean potatoes. None of the wild ones is of much use in this respect. 
Bukasov [13] reports earliness in S. Rybinii (including S. boyacense), S. 
Kesselbrenneri, S. cuencanum, S. phureja, and S. chaucha. The present 
author has found similar properties in the new species S. Ascasabii and 
S. Cardenasu. ‘The triploid species S. chaucha does not seem to be as 
extreme in earliness and short dormancy as the above-mentioned di- 
ploids. The early types just mentioned generally mature in 3 to 4 months in 
their native habitat, but as they are mostly short-day types, they may take 
longer to mature under long day, though in general the adverse effect of 
long day is not so pronounced with these species as it is with the later- 
maturing American types. Their short dormancy does not seem to be 
affected by the day-length under which they were grown. It is known 
that two of the species, S. phureja and S. Cardenasti, grow at much 
lower altitudes than the rest of the Andean potatoes. It is probable 
that some varieties of S. Rybinii also may thrive better at altitudes of 
about 8,000 ft. At these ditinles the climate in the Andes is almost 
subtropical, and it is therefore probable that these species will be useful 
as parents in breeding potatoes suitable for tropical conditions. The 
other diploid species mentioned above may also be of some use in this 
connexion, though less is known about their growth requirements. The 
difficulty in breeding good commercial varieties using these diploid 
types is that they are generally poor in starch and dry-matter content, 
and their yield is rather low. They must therefore be crossed with the 
higher vulting tetraploid species such as S. andigenum and S. tuberosum, 
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re- | thus producing infertile triploid F1’s. However, Sadavnikova (according 
. a to Bukasov [7]) has produced tetraploid hybrids of good fertility in 
nay diploid x tetraploid crosses. Vesselovskii and Vesselovskaja [38] recom- 
to- mend the production of triple hybrids in breeding for earliness, S. 
ates goniocalyx x S. Rybinii x S. phureja being very promising; S. ajanhuiri 
ing S. phureja is also said to be very early, and, in addition, to resist frosts 
tive of —2° to —4° C. In these two crosses only diploid species are used and 
US. the hybrids are quite fertile; presumably in the former cross S. gontocalyx 
Oa would have contributed factors for yield and quality. They also success- 
init fully crossed Jubel with S. phureja. The use of colchicine might here be 
na? valuable in producing tetraploid clones of S. Rybinii, &c., prior to cross- 

In ing with S. andigenum or S. tuberosum. 

use Drought-resistance.—Little work has been done on the American 
US potatoes from this aspect, though the qualities of many types of S. 
as andigenum with robust growth and vigorous root-systems would appear 
lay to be favourable for conditions of moderate dryness. Demidovicz [39] 
obtained drought-resistant seedlings from the crosses (S. demissum x 

eSS Fiirstenkrone) x Alma; (.S. demissum x Alma) Granat; and in S. 
an Rybinii x S. stenotomum crosses. Ratera [40] mentions a wild form (Code 
tly | No. G. 1345) from La Pampa, Argentina, which is said to show promise 
ies |  inresistance to drought. The wild desert species have hardly been tested 
vn so far; those from the Peruvian coastal deserts, e.g. S. Vavilovit, were at 
ed one time looked to for the qualities under discussion; unfortunately, it 


was found later that they were types that vegetated only in the season 
ed when the ground was moistened by coastal mists, the tubers perennating 
all through the dry season. It is possible that the members of the series 











S. Cuneoalata (S. infundibuliforme, S. platypterum, S. glanduliferum, &c.) 
nt may bear some drought-resistant qualities since they are to be found 
id growing in the scrub deserts of northern Argentina and Chile. 

aS In general the problem of drought-resistance is rendered more difh- 
i- cult by the fact that virus-spread is more rapid in hot dry countries, since 
in there the insect vectors are to be found in greater abundance. It is there- 
ce fore essential that any drought-resistant types should also possess some 
of kind of resistance to viruses, especially those transmitted by insects. 

a Chemical Composition 

n Dry matter —Whereas the dry-matter content rarely exceeds 23 per 
h cent. in our domestic potatoes, certain of the American indigenous types 
e ! contain much more. ‘The wild species seem particularly well favoured, 
yf S. Emmeae (to 32°58%), S. Antipoviczit (to 38-66%), and S. vallis-mexict 
st (to 36:68 %,), giving the best values according to Kameraz [11]. S. Buka- 
i sovi, S. catarthrum, S. Herrerae, S. semidemissum, S. acaule var. punae, and 
€ S. edinense are also reported to give high values, whilst Bukasov [7] states 
s that certain S. demissum hybrids possess up to 34’9 per cent. of dry matter. 
C The native cultivated species are, in general, lower, the best being 
1 S. chaucha (28%) and S. ajanhuiri (from 27°55 to 29-58% according 


to Bukasov and Naumov [18)}). 
Starch.—On the whole, the starch-content of the cultivated Andean 
potatoes is lower than that of our domestic varieties. ProkoSev [41], in 
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comparing 12 domestic types with 11 lines of S. andigenum, showed that 
the former varied from 10-04 to 20-07 per cent. with an average of 15 per 
cent.; S. andigenum, on the other hand, varied from 7-72 to 16-00 per 
cent., with an average value of only about 12 per cent. In contrast to this, 
Bukasov [17] gives rather higher values, ranging from 23 to 25 per cent. 
for certain Colombian types of S. andigenum (‘Tuquerrena, Caiceda, and 
Tocana), though he concedes that the central Peruvian varieties are 
much poorer. The Chilean sorts of S. tuberosum s. str. average 18-20 
per cent., with a maximum of 24 per cent., a little higher, therefore, than 
the values for domestic potatoes mentioned by Proko’ev. A very low 
starch-content is found in S. phureja (8-5—10-5 %) according to Bukasov, 
though a hybrid of this species with S. Rybinii gave 17 per cent. starch. 
The mean starch-content of S. Rybinit and S. Kesselbrenneri is about 
16 per cent., according to ProkoSev and Mattison [42]; Bukasov and 
Naumov [18] record the starch-content of S. stenotomum (phifiu) as 
16 to 22°3 per cent. 

With the wild species the starch-content is, on the whole, surprisingly 
high. Kameraz [11] gives the highest starch percentages for S. Jamesti 
and SS. Commersonii (up to 21), S. Ohrondit beak, S. Millanii (23), S. 
Garciae (24), S. Schick (208-25), S. Emmeae (27°8,) S. Antipoviczii 
(20-26), S. vallismexici (19°12), S. aracc-papa (up to 23°8,) S. leptostigma 
and S. Molinae (18-5—19), some varieties of S. demissum (23°8), S. semi- 
demissum (to 25), S. edinense (to 26), and S. acaule (21:9). 

In most of the other wild species the starch-content is quite low. 

Protein.—A much higher percentage of protein is found in certain of 
the South American and Mexican types than in the European domestic 
potatoes. Thus ProkoSev and Mattison (4?) found that the latter aver- 
aged about 1-89 per cent. crude protein of the fresh weight with the high- 
est value only 3:26 per cent. .S. andigenum, on the other hand, averaged 
3°24 per cent., and the highest value was 5°83 per cent. Especially high 
values were found in vars. taccla (5-09 %,) and latacungense (5-83 °%), from 
Peru and Ecuador respectively. S. phureja, a species famous for its high 
protein, does not appear to be very much better than S. andigenum in this 
respect, since it was shown to average 3°71, with the highest value 4:32 
per cent. S. Rybinit var. boyacense averaged 4:43, the highest protein 
obtained being 5-89 per cent. 

Certain clones of the E.P.C. tested at the Imperial Bureau of Plant 
Breeding and Genetics by Mrs. K. OSancova (unpubl.) have shown 
promisingly high protein-content. The best species were S. stenotomum 
(certain clones up to 3:99%), S. chaucha (one clone with 366%), S. 
tenutfilamentum (up to 317%), S. andigenum (with 14 clones all well over 
3%), and S. curtilobum (up to 3-64°%). Of these the best species is 
S. andigenum, with three clones over 4 per cent., and one, E.P.C. 766, 
giving a value of 6-20 per cent. Certain natural triploid S. andigenum x 
(?) S. stenotomum hybrids also showed promise in their high protein. It 
is interesting that E.P.C. 766 comes originally from Ecuador, where 
ProkoSev found his highest protein forms. More types from that country 
are being tested. 


ProkoSev [41] also obtained promising results with certain of the wild 














TOS oS Ooo 





SS ee ee ati el a, al a a | a. ee 








wih 


hat 
per 
per 
his, 
nt. 
ind 
are 


1an 
ow 
OV, 
ch. 
out 
nd 


as 


gly 


SL 


S11 
ma 
ni- 


tic 
ore 
h- 
ed 
gh 
ym. 
gh 
11S 
32 


in 











AMERICAN POTATOES AND THEIR VALUE IN PLANT-BREEDING 33 


species (average percentages), e.g. S. demissum 4:20, S. semidemissum 
4:08, S. vallis-mexici 4-11, S. aracc-papa 3°75, S. Commersonit 3°66, and 
S. Emmeae 3°44. 

Certain forms, although possessing a high nitrogen-content, give very 
low protein values; it appears that the nitrogen is contained in the form 
of glutathione and other amino-acids. Species with short or no dor- 
mancy, such as S. Rybinii, S. Kesselbrenneri, S. phureja, and S. Carden- 
asii, tend to be characterized by a higher glutathione-content according 
to ProkoSev. The data presented above from ProkoSev and Mattison for 
the protein-content of S. phureja and S. Rybinii var. boyacense, however, 
would seem to contradict this statement. 

Taking other factors into consideration, such as crossability and 
disease-resistance, it appears that S. andigenum and S. demissum are 
probably the best parents for breeding potatoes with high protein. 
Although ProkoSev considers the genes for high protein to be recessive to 
those for low protein, it should be possible by suitable breeding manipula- 
tions to obtain high-protein potato varieties of good quality. So far as the 
writer is aware, however, breeding with this object in view has not yet 
been attempted. 

Vitamin C.—New possibilities in breeding for high vitamin-C content 
have been discovered in the indigenous American potatoes. The chief 
difficulty with the domestic potatoes has been that the ascorbic-acid 
values drop very rapidly in storage, often by as much as 70 per cent. 
ProkoSev and Mattison [42], in an analysis made on December 10-11 of 
the vitamin-C content of domestic and American potatoes harvested the 
same year, found considerably higher values for these latter types. The 
domestic potatoes gave between 7-77 and 10°85 mg. per cent. (fresh 
weight), whereas some of the wild species contained as much as 30 mg. 
per cent. The two cultivated species tested, S. Rybinit and S. Kessel- 
brenneri, gave values of 11°78 and 15-40 respectively. ‘This is not much 
higher than the domestic sorts. The varieties of the wild species S. Anti- 
poviczu, viz. Martinezii, Gandarae, and Reddickii,'! were much higher, 
giving values of 30-09, 24°98, and 18-82, respectively. 

Working in Cambridge, Mrs. K. OSancova (unpubl.) found much 
higher values than those obtained by the Russian biochemists, partly no 
doubt because the material was analysed immediately after harvesting, 
whereas in the Russian experiments some time was allowed to elapse 
before the tests were made. The best performances were given by certain 
clones of S. ajanhuiri (41-9 and 45-5 mg.), S. Yabari (48-8 mg.), S. steno- 
tomum (41-9 to 48-3 mg.), and S. andigenum (42:2 to 51°8 mg.). Later 
tests on the same material showed that the percentage loss of vitamin C on 
storage is roughly the same whether the initial content was high or low; 
the species mentioned above would, therefore, be of value in breeding 
for high vitamin-C content, even after considerable periods of storage.? 
Little breeding work on this or any other biochemical aspect of the 

1 Classed by Bukasov as separate species, closely related to S. Antipoviczit. 

2 Since this paper went to press further results obtained by Mrs. OSancova have 
tended to contradict this statement; it now appears that percentage loss of vitamin C 


on storage may vary considerably between different varieties. 
3988.49 D 
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potato has been carried out, apparently, and a large field is open to those 
who possess the facilities for such breeding. 


Breeding Capabilities and Behaviour of the American Potatoes 


The chief technical problem that faces potato-breeders is pollen 
sterility. In general, the native American potatoes do not possess this 
disadvantage and can be used with much greater ease than our domestic 
sorts. There are, unfortunately, many exceptions to this statement. 
Certain diploid species are self-incompatible, others seem to be com- 
pletely sterile, whilst others again cross with difficulty into series other 
than their own. 

Although many species, especially the diploids, are homozygous and 
breed true from seed, most, especially the common domestic potato, are 
strongly heterozygous, giving a very motley progeny on growing from 
true seed. In the latter category are placed all the triploids, cultivated 
tetraploids, and pentaploids. Bukasov [13, 17] considers that very few 
wild species breed true, mentioning as exceptions to this rule all species 
so far investigated in Etuberosa and Acaulia, S. demissum, S. Antipoviczii, 
S. Fendleri, and probably S. verrucosum. Most diploid species, when they 
can be self-pollinated, do not vary to any great extent, in the writer’s 
“— rience, and cannot, therefore, be heterozygous for many characters. 

he problem of sterility has lately gained prominence in connexion 
with self-incompatibility or self-sterility. Self-incompatibility in potatoes 
does not seem to be complete, since some species are self-fertile under 
some conditions and self-sterile under others. ‘The following species are 
recorded as completely sterile (whether self or cross-pollinated) by 
Bukasov [13]: S. chacoénse, S. dolichostigma, S. famesii,' S 5 iene. 
S. Vavilovi, S. aracc-papa, S. colombianum, S. Wittmackii, S. Fuzep- 

suki (2n = 36), S. cardiophyllum (including S. coyacanum) (2n = 36), 
S. medians (2n = 36), S. Magha(2n = 36), and S. vallis-mexici(2n = 36); 
Kameraz [11] adds S. Looseri to this list. It is probable, however, that 
most of the sterile wild species would be fertile in their natural habitat, 
with the possible exception of the triploids. Thus, for example, the 
writer has grown S. colombianum (2n = 48) from seed obtained in 
Colombia, but has failed to obtain seed under any circumstances from 
the plants raised at Cambridge. ‘The triploids, of course, would be 
sterile even in their natural habitats, since their sterility is genetical. The 
triploid _—- (other than those in the above list) are fertile to a limited 
extent when crossed with other species, especially when used as the 
female parent. Even the very sterile S. Commersonii has been crossed 
with species from the series Longipedicellata. 

Low fertility is recorded by Kameraz for S. Henryi (2n = 24), S. 
Boergeri (2n = 24), S. Schicku (2n = 24), S. gibberulosum (2n = 24), 
S. Parodi s. str. (2n = 24), S. catarthrum (2n = 24), S. Bukasovii 
(2m = 24), S. Abbottianum (2n = 24), S. Molinae (2n = 48), and 
S. semidemissum (2n = 60). The new pentaploid species S. Salamanit 
also seems to possess low fertility. 


' This species does, however, set fruit when crossed with certain Commersoniana 
species and with S. phurea [11]. 

















ee ek lk, ee ee ae 


e 


Se 


len 
his 
tic 
nt. 


1er 
nd 
ire 


ym 


CW 
1es 


ey 


ana 








re 





AMERICAN POTATOES AND THEIR VALUE IN PLANT-BREEDING § 35 


In the diploid species, and apparently in none of the higher chromo- 
some groups, the phenomenon of self-incompatibility is observable. 
This was first noted by Bukasov [13] for S. Rybinii and S. aracc-papa. 
Carson and Howard [43] showed that S. Rybinii var. popayanum (E.P.C. 
546), S. phureja, and S. lanciforme were also self-incompatible, though 
the latter species was perfectly fertile when different clones practically 
identical morphologically were crossed. Pal and Puskar Nath [44] found 
the same phenomenon with S. Caldasu [? = S. Parodi—J. G. H.], 
S. chacoénse, S. famesii, and S. subtilius. It would seem, therefore, that 
many wild diploid species previously thought to be sterile could be 
induced to set seed if more than one clone were available. The same 
holds good probably with the cultivated diploids, since the writer has 
crossed different clones of S. Rybini with perfect ease, although each 
was self-incompatible. Sr. E. Astorga (unpubl.), working on the Empire 
Potato Collection, found evidence of self-incompatibility in the following 
species: S. goniocalyx, S. Yabari, and S. Kesselbrenneri; yet he easily 
obtained seeds from interspecific crosses between them. The writer has 
had similar results with S. Schickit, S. gibberulosum, and S. Garciae; these 
three diploid Argentine species refused to set seed on self-pollination 
but formed abundant seed when intercrossed in allcombinations. Possibly 
under better conditions for seed formation (they were grown under glass 
with rather too high a temperature) it would have been possible to obtain 
selfed seed, since Kameraz records low fertility for two of these species. 

It appears, therefore, that self-incompatibility barriers may not be 
complete, though sufficiently formidable to cause a serious hindrance to 
breeders in most cases. Under certain conditions, notably in the Pamirs, 
high mountainous regions in the extreme south of the U.5.S.R. (39° N.), 
which no doubt approximate closely to the Andes, many species pre- 
viously thought to be sterile will set good seed. Kameraz [11] mentions 
as examples S. Emmeae, S. Commersonu, S. Knappei, and S. Garctae. 
Perlova [12, 45] obtained seeds from the triploid S. vallis-mexict under 
Pamir cultivation; cytological investigation indicated that chromosome 
doubling had taken place, giving a somatic number of 72. She also 
[45, 46, 47, 48] obtained viable seed from S. aracc-papa, S. Herrerae, 
S. Horovitzi, S. catarthrum, S. Millanu, S. Macolae, S. leptostigma, 
S. edinense, and S. Maglia (a triploid species giving diploid seedlings); 
the triploid cultivated species S. cuencanum, S. mamilliferum, and S. tenut- 
filamentum also gave seed on selfing, which grew into tetraploid 
(2n = 48-50) plants. Some of the cultivated diploid species such as 
S. Rybinii (previously found to be self-incompatible) and S. ajanhuiri 
also produced viable seed on selfing under these conditions. 

It would seem, therefore, with many of the wild and primitive culti- 
vated species, especially the diploids and triploids, that correct cultural 
conditions can contribute greatly to the success of seed-formation; 
the chief conditions required are: (a) cool air-temperatures with as little 
diurnal fluctuation as possible, (b) correct and steady supply of moisture, 
and (c) bright sun, with probably a high quantity of actinic light. 

It was mentioned previously that a mere knowledge of chromosome 
numbers would give no sure indication of the possible success or failure 
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of a proposed cross. Thus, for example, one might suppose that the 
two tetraploid species, S. acaule and S. tuberosum, having the same 
chromosome number, would cross together with great ease. In point of 
fact it has proved extremely difficult to cross them, the adhd 
being that they are widely separated into two quite distinct series. The 
same holds good also with the tetraploid S. Antipoviczii. When such 
wide crosses are effected, as by Ivanov [49], who crossed S. Antipoviczii 
and S. tuberosum together, the F1 are found to possess 72 chromosomes; 
the offspring are very similar to the female parent and the result is 
attributed to the non-reduction of the female gamete. 

In general it seems possibly easier to effect wide crosses when the 
plants are of different chromosome number. Thus S. acaule will cross 
easily with diploid species when used as female parent; the lack of success 
with this species when used as pollen parent is thought to be because its 
pollen tubes are too short to reach the ovules of the normally long-styled 
plant, since the style of S. acaule itself is very short. Triploid species, 
also, are rarely fertile when used as pollen parents; Emme [50], however, 
did succeed in obtaining the rare hybrid S. demissum (2n = 72) x S. tenut- 
filamentum (2n = 36). 

Crosses between species of the same chromosome number and in the 
same series are nearly always successful. 

The diploid species are, with the exception of the sterile types men- 
tioned above, easy to cross in any combination, both with members of 
the same or different series. Bukasov [17] reports difficulty with S. Buka- 
sovu and S. aracc-papa when used as female parent, whilst S. ajanhuiri 
could not be used as male parent. He also states that S. chacoénse (series 
Commersoniana) could not be crossed with species from Tuberosa; 
Oppenheimer [51], however, was successful in obtaining S. chacoénse x 
S. tuberosum hybrids. 

Crosses of diploids with triploids can be effected when the triploid 
S. Commersonii, S. chaucha, and S. tenuifilamentum are used as the female 
parents, but not with S. mamilliferum, S. cardiophyllum, S. vallis-mexici, 
and S. Juzepczuki. S. chaucha can also be used as male parent, and also, 
in one case, S. tenuifilamentum. 

The triploid species cannot be crossed with pentaploids and hexaploids 
according to Bukasov, whereas diploids and tetraploids will readily 
hybridize. Diploid x pentaploid crosses have not been made. Hexaploid 
x tetraploid crosses are very easy and are used to a large extent in 
breeding for blight-resistance, in crossing S. demissum with S. tuberosum. 
The crossing of hexaploid with diploid species is much more difficult 
than with tetraploids, and it is possible only in certain combinations. 
Pentaploid tetraploid and pentaploid x hexaploid crosses are also 
possible. 

One difficulty in making hexaploid » tetraploid crosses is that the F1 
is rather infertile, owing to its unbalanced chromosome complement. 
Schick [20] avoided this difficulty by crossing S. chacoénse (2n = 24) 
with S. demissum (2n = 72) and thus obtaining fertile tetraploid hybrids 
which could easily be crossed with S. tuberosum. Black [52] in a similar 
manner used a diploid cultivated species (.S. Rybinii) as a bridge, crossing 
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this with S. demissum and obtaining tetraploid progeny; these were then 
crossed with S. tuberosum and a much better fertility obtained. Bukasov 
[7] mentions the use of diploid species in facilitating the difficult S. 
acaule x tetraploid crosses, where the second tetraploid is S. Antipoviczii, 
S. andigenum, or S. tuberosum. Often the S. acaule x diploid hybrids 
possess twice the expected number of chromosomes (i.e. 72). These 
hybrids can be crossed readily with S. tuberosum, giving good fertile 
progeny. 

As might be expected, it was not long after the discovery of the 
cytological use of colchicine that this drug was applied to the potato; 
but in general the results so far obtained have been disappointing. 
Johnstone [53] doubled the chromosomes of the diploid species S. bulbo- 
castanum, S. chacoénse, and S. famesii, and showed that the resulting 
tetraploids were vigorous and fertile. Octaploids produced by doubling 
S. tuberosum, S. andigenum, and S. neoantipoviczi [=a variety of 
S. Antipoviczti—J. G. H.] were, on the contrary, dwarfed and sterile. 
The decaploids from colchicine-treated S. tuberosum S. demissum 
hybrids were also sterile, and it would seem that a definite decrease of 
viability occurs in chromosome complements of more than hexaploid. 
Livermore and Johnstone [54] report poor success in crossing S. cha- 
coénse, S. FJamesii, and S. bulbocastanum with S. tuberosum, whether the 
former were used as diploids or colchicine-induced tetraploids. S. 
chacoénse produced occasional seeds in the diploid state, and rather more 
in the tetraploid. Rybin [55] reports the formation of a tetraploid 
S. Rybinii by means of colchicine treatment but does not state its fer- 
tility. Merely doubling the chromosome number of infertile diploid 
rr in the hope that they will gain in fertility when tetraploid and can 
then be easily crossed with tetraploid species will have very few chances 
of success. We have seen above that species in different series even with 
the same chromosome number are extremely difficult to cross. There is 
probably a wider field for research in the formation of fertile amphi- 
diploids from infertile hybrids produced as a result of crossing species 
with different chromosome numbers. This does not seem to have been 
tried yet. Triploid species that possess economically important characters 
such as S. Fuzepczukii, which is frost-resistant, and the blight-resistant 
S. cardiophyllum, should be used with a view to producing hexaploid 
fertile types by means of colchicine. This does not seem to have been 
tried, although the results might be of great economic importance if 
successful. 


Conclusions 


In surveying the qualities of the various American potato species it is 
fairly evident that certain species stand out much more clearly as con- 
sistently useful to the plant-breeder than others. Probably the most 
useful wild species are to be found in the series Acaulia, Demissa, and 
Langiesdiealins. S. demissum, in particular, has proved to be of all- 
round worth, both because of its characters of resistance to blight, 
Colorado beetle, and frost, and also because of its fertility when selfed 
and when crossed with the tetraploid S. andigenum and S. tuberosum. 
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Even so, the high proportion of wild-type and objectionable characters 
such as long stolons, poor-flavoured tubers, late maturity, &c., necessi- 
tates a very large number of hybrid generations, either by selfing or 
backcrossing with a S. tuberosum or S. andigenum variety, before useful 
economic varieties can be obtained. 

S. andigenum, the most promising cultivated species, possesses factors 
for high vigour, yield, protein, vitamin C, and starch, coupled with a 
greater range of flavour and cooking qualities than the ordinary European 
domestic type. It is also highly fertile—a great point in its favour as 
compared with the European potato—and there is no doubt that it 
could be used to advantage in most breeding schemes in addition to the 
wild potato species; possibly for certain Empire countries it might 
— S. tuberosum altogether in contributing factors for yield and 
tuber-quality. 

In the realm of wide species-crosses when the wild types are used as a 
basis for breeding work a great amount of time must be spent by the 
breeder in obtaining a selection free from the objectionable wild-type 
characters of growth, tuber, stolon production, &c., yet possessing the 
valuable quality of disease-resistance obtained from the original wild 
species. It coon in the opinion of the present author, be of great advan- 
tage for certain hybrid stocks to be built up, using as a basis some of the 
most economically important wild and native cultivated species and incor- 
porating all the necessary qualities of disease-resistance with moderate 
— and high fertility. It would then only be necessary for the potato- 

reeder to use these basic stocks without having to return to the wild 
species in every case. In these circumstances varieties possessing the 
economic qualities suitable for the special environmental and commer- 


cial conditions of any particular country could be produced much more 
easily and in a relatively shorter time. 


Summary 


An attempt has been made to show the various uses to which the 
indigenous pn potatoes have been put, and those lines of research 
that might be followed up in the future. Many of the problems that 
faced potato-breeders at the beginning of this century are well on the 
way to being solved. As instance of this one might mention the problems 
of resistance to blight and wart. Others, such as resistance to virus, 
Colorado beetle, and frosts, and questions of biochemical composition, 
are in the process of solution; the resistant qualities have been dis- 
covered, although no or very little breeding has been carried on along 
these particular lines. But in many others, notably eelworm-immunity 
in Great Britain, the problems have hardly been touched. In problems 
such as these the present paper emphasizes the need for a thorough 
survey of the indigenous American types to see whether any of the 
qualities desired are present and could be readily utilized. 

In addition to the breeding survey the paper also discusses the 
systematic classification and geographical distribution of the native 
American potatoes. The fertility of the various species and the results 
that have been obtained in interspecific crosses are briefly outlined. 
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INVESTIGATIONS IN TRITICUM-AGROPYRON 
HYBRIDIZATION! 


JOHN M. ARMSTRONG 
(Agricultural Scientist, Division of Forage Plants, Ottawa) 


Introduction.—T he first intergeneric crosses involving species of Triticum 
were made for the purpose of determining the phylogenetic relationship 
of the genus, and they involved the related genera, Aegilops, Secale, and 
Haynaldia. The practical possibilities of such crosses were recognized 
when N. V. Tzitzin [1] reported that species of Triticum could be 
successfully hybridized with certain species of Agropyron, yielding 
partially fertile hybrids. The aim of the Russian work was the creation 
of a perennial form of wheat, which was later extended to include hardy 
winter wheat and early maturing annual forms possessing drought- and 
disease-resistance. By the introduction of the two latter types it was 
hoped to extend the frontiers of the wheat-growing areas northward and 
into the steppe zones. The latest available published reports indicate 
that encouraging progress has been made. Tzitzin [2] reports that some 
of the forms of winter habit are hardier than Omka rye or Lutescens 0329 
winter wheat and should be adapted to growth-conditions in Siberia. 
Some annual types are well suited to the steppe zones by virtue of their 
drought-resistance; other annual forms are tolerant of extreme moist 
conditions and mature in 75 days with a 1,000-kernel weight of 65 gm. 
Perennial forms are under test which produce 5 to 7 crops in 3 years with 
an annual grain yield above that of common wheat. 
Triticum-Agropyron hybridization became the subject of Canadian 
agricultural research in 1935 in response to the need in western Canada 
for new grasses that would aid in solving the problems of drought and 
soil erosion. The aim was not to produce perennial or hardy winter 
wheat but large-seeded forage grasses which could be readily established 
under drought conditions. This breeding has been carried out at the 
Division of Forage Plants, Ottawa, Ont., and the Dominion Forage 
Crops Laboratory, Saskatoon, Sask., and has been reported by Arm- 
strong [3], Armstrong and McLennan [4], Johnson [5], and White [6]. 
The project was materially assisted by cytological investigations by Peto 
[7, 8, 9, 10] of the National Research Council, Canada. The two 
Agropyron species that have been extensively crossed with wheat are 
A. elongatum and A. glaucum. ‘They are tall-growing species indigenous 
to continental Europe and Asia. A. elongatum is of the bunch grass type 
whilst A. glaucum creeps moderately by stolons. A. glaucum flowers 
around July 1 under Ottawa conditions; A. elongatum about two weeks 
later. Cross-pollination is usual although not obligatory. Both species 
with their extensive root-systems and xerophytic leaf-characters possess 
considerable drought-resistance. They are also immune or highly 


! Contribution from Division of Forage Plants, Central Experimental Farm, Ottawa, 
Ont. 
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resistant to fungus diseases, such as smut and rust. They have certain 
obvious faults, such as harsh foliage and seed-shattering. According to 
botanical descriptions they are polymorphic, having well-defined forms 
which, as reported by Vakar [11], vary in chromosome number. The 
forms examined by Peto [7] were hexaploid for A. glaucum (2n = 42) 
and decaploid for A. elongatum (2n = 70). The latter species exhibited 
a high frequency of multivalent configurations at first metaphase which 
tended to complicate the situation in the F1 hybrids. 


Results 
(a) Compatibility of Various Crosses 

Although crossing attempts were made at Ottawa with close to 30 
species of Agropyron only the two species, A. glaucum and A. elongatum, 
crossed readily. Some success was obtained with the three species, A. 
junceum, A. pincium, and A. tricophorum, but the resulting F1 plants were 
quite sterile. The degree of compatibility between the two Agropyron 
species and the many wheat species used in the crossing may be judged 
on the basis of crossability, plumpness of the crossed seed, germinability 
of the seed, and fertility of the F1 hybrids. Table 1 summarizes the 
crossing results for the period 1935-43. Six strains of A. elongatum are 
grouped together, and in some wheat species several varieties were used 
(7. vulgare, 11 varieties of spring and 13 varieties of winter wheat). 

A total of 37,461 wheat florets were pollinated with A. elongatum 
yielding 1,680 seeds or a crossing success of 4:50 per cent. Comparing 
the tetraploid and hexaploid wheat, the success arith the former was 14°7 
per cent. and the latter 1-9 per cent. In the A. glaucum crosses 74,245 
florets were pollinated yielding 9,652 seeds, or a crossing success of 13 
per cent. In these crosses tetraploid wheat gave a crossing success of 
174 per cent. and hexaploid wheat one of 7-1 per cent. The tetraploid 
wheats are thus seen to cross more readily than the hexaploid wheats and 
the glaucum crosses were more successful than the elongatum crosses. 


TABLE 1. Crossing Results, 1935-43 





| A. elongatum A. glaucum 
No.of No. of | No. of Seed set| No. of | No. of | Seed set 
Wheat species _var. florets seeds _— per cent.\ florets | seeds per cent. 
T. vulgare (winter) . 13 12,693 232 1°83 | 15,717 | 1,416 gol 
T. vulgare (spring) . II 17,254 337 1°95 16,014 845 5°28 
T. durum : 4 2,699 341 12°63 16,594 | 3,267 19°69 
T. dicoccum 4 2,094 542 25°84 9,389 | 1,253 53°36 
T. turgidum 4 1,822 173 9°50 8,368 | 1,881 22°48 
T. timopheevi . I 899 55 6-12 908 167 18°39 
T. polonicum . I es 2 60 6 10°00 
T. persicum ‘ I oe x 2,466 68 2°76 
T. pyramidale -| 3 4 me ae 4,729 749 15°84 
Total. ; 42 37,461 1,680 4°50 | 74,245 | 9,652 13°00 





There was also a variation in the crossing success for certain varieties 
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of wheat and the different strains of elongatum used. A comparison of 
the results with four varieties of wheat and two strains of elongatum is as 
follows: 











| A. elongatum 820 | A. elongatum 1083 
| Florets | | Florets 
Wheat variety | pollinated | Seeds set | per cent.| pollinated | Seeds set | per cent. 
T. dicoccum (Vernal) . | 1,091 538 38-7 | 193 3 1°5 
T. vulgare (Lutescens) | 460 10 2°2 228 37 16-2 
T. vulgare (Minturki) 145 18 12.4 248 2 08 
T. durum (Mindum) . 963 94 98 252 26 10°3 





It is seen that Vernal emmer gave a very high and a very low crossing 
success with the two elongatum strains No. 1083 and No. 820 re- 
spectively. The two vulgare varieties gave opposite results with the two 
strains. Mindum typifies a variety that crossed equally well with all the 
elongatum strains. We had no wide assortment of glaucum strains for 
a similar test, but Tzitzin [1] reported that the different polymorphic 
strains of that species varied widely in their crossability with various 
wheats. This difference in crossability is not related to the chromosome 
numbers of the parents but apparently has a physiological basis. 

The data on seed-size, germinability, and fertility of F1 plants are 
summarized in Table 2. Plumper seed resulted from the tetraploid 
wheat x A. glaucum than from tetraploid wheat x A. elongatum. In the 
hexaploid wheat the situation is reversed, the plumper seed coming from 
the elongatum crosses. As pointed out by Thompson [12], the endosperm 
condition in wide crosses is better when the parent with the higher 
chromosome number is used as the female. Although the situation here 
is not exactly analogous, since reciprocal crosses have not been tested, 
yet the causal agency in the differing degrees of seed-plumpness is 
probably the relative chromosome numbers. 

The germinability of the seed was found to be dependent upon seed- 
plumpness, a significant correlation of r = 0-718 for n = 8 (degrees of 
freedom) being obtained. 


TABLE 2. Compatibility of Wheat-Agropyron Crosses 





Crossing | Seed-plumpness Fertility 
success (per cent. | Germination (seeds 
Cross | per cent. of parent) | percent. per head) 
Tetraploid wheat * A. glaucum 17°4 48°5 94°5 
Hexaploid wheat * A. glaucum 7% 20°8 53°0 o 
Tetraploid wheat « A. elongatum 14°7 36-7 67°0 0-08 
Hexaploid wheat « A. elongatum 1'9 40°3 89:0 0-7 





When the F1 plants were established in the field nurseries and came to 
head, it was apparent that the glaucum hybrids were completely sterile, 
whilst the elongatum hybrids exhibited a low degree of fertility. This 
fertility was considerably higher with the hexaploid wheats than with the 
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tetraploid wheats. The cause of the sterility in the glaucum hybrids, as 
reported by Johnson [5], was the failure of the anthers to dehisce, which 
in turn was due to the high proportion of empty, collapsed pollen grains, 
That some of the female gametes in the glaucum hybrids were viable was 
shown yee en by back-crossing. 


As a criterion of compatibility the results of studies on crossability, 
seed-size and germinability, and fertility are for the most part contra- 
dictory, seed-size and germinability being the only correlated facts. The 
combination, hexaploid wheat x A. elongatum, which gave the lowest 
crossing success, provided the most fertile hybrids. Fertility, which 
economically is the most important character, depends primarily on the 
homology of the chromosomal genomes in the two genera. 

The cytological situation in F1 hybrids has been investigated by Vakar 
[11] and Peto [7]. In the F1 hybrids of 7. vulgare x A. elongatum, Vakar 
reported varying numbers of bivalents, 14, 21, and 28 being found in 
differing hybrids that varied in fertility; these differences were thought 
to be the consequences of differences in the races of elongatum used in 
the crossing. In similar crosses Peto found that the situation was not 
quite so simple. Approximately two sets of chromosomes remained un- 
paired, two sets paired, but numerous multivalent configurations were 
found. Upon examining the F1 wheat x A. glaucum, Vakar concluded 
that this species has one genome in common with tetraploid wheat but 
two in common with hexaploid wheat. Peto found that only one genome 
in both wheat polyploids was homologous with a set from glaucum, and 
this homology was not very strong, as indicated by the weak pairing. 
The varying fertility in the F1 plants has clearly a cytological explanation, 
and the apparent anomaly of the sterile combinations resulting from 
species which crossed the most readily may be regarded as having a 
physiological basis. 


(6) Line-breeding 


The Fi hybrids grown under greenhouse conditions proved to be 
perennial in habit with hybrid vigour strongly marked. A few seeds were 
produced on the elongatum hybrids, but none on the glaucum hybrids. 
When the same plants were transplanted to the field the latter still 
remained sterile, but the former showed a marked increase in fertility. In 
morphological characters the hybrids were in general intermediate to 
the parents with somewhat more resemblance to Agropyron than to 
wheat. 

F2 populations were established in 1937 from the five elongatum 
crosses involving the following wheats: C.A.N. 1835, a rust-resistant 
strain produced by the Cereal Division, Central Experimental Farm, 
Ottawa; Lutescens 062, a Russian spring wheat; Kharkov, a winter 
wheat; and Mindum, a durum, and Vernal emmer. 

The main considerations in selection in the F2 and succeeding genera- 
tions have been perennialism, fertility, and seed-weight. All plants that 
failed to survive the first winter of establishment were automatically 
eliminated. Only the most fertile plants in each population or line were 
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selected, and these were further reduced in number on the basis of seed- 
weight. Other characters selected for were, vigorous tillering, height, 
forage quality, freedom from shattering, threshability, and freedom from 
disease. 


TABLE 3. Comparison of Line Selections in Succeeding 
Generations 





| | Fertility | Gm. wt. | Ratio of seed- 
| Genera- | Winter (seeds | per 1,000! weight to that 


Cross tion survival _— head)| seeds | of parents 
T. dicoccum (Vernal) x A. Fr 100.0 | Oot | 6°7 | T°O 2 I°S 3 O°! 
elongatum F2 | 949 | ae) 19°O | 1°0:34°2:9°1 
Fz | 960 | 12:0 | 246 | rr0:5-4:071 
F4 89°3 | ee | 22°99 | 1°O:35°1:Q°1 
T. durum (Mindum)xA., Fi 100°0 | 03 97 | 1'°0:2:2:10°7 
elongatum F2 947 | So | 93 FO: 2°) : 10°7 
F3 s20 | 0 | .. | we 
T. vulgare (Lutescens)* A. | Fr rooo | 20 | Ee | Pera5 <74 
elongatum F2 | 67 Oo | rez | TOs sas oe 
F3 69°4 8-0 | = 15°6 | 10:3°4:7°4 
F4 594 | 110 159 | 10:35:74 
T. vulgare (Kharkov) x A. Fr 100';0 | ovr 9:2 T° 3 2°0 ; 6°7 
elongatum | F2 gs2 | 5:0 | 21:9 | 10:48:67 
F3 99°0 | 24°0 20°2 1°0:4°4:6°7 
F4 | 610 | 15:0 179 | 1:0:3°9:6°7 
T. vulgare (C.A.N. 1835) x Fi | 100°0 I‘O 8-9 I'O: 1°93 6-2 
A. elongatum F2 80-6 70 12°0 ro :2°6 : 6-2 
F3 75°3 15°0 r4arg, |. os 2 s'S-2 
F4 67°1 25°0 14°3 ross°2 302 





Table 3 indicates the progress made in the successive generations in 
the selection of fertile, perennial types of good seed-weight. ‘The most 
noticeable gradation is that of increasing fertility. ‘This probably 
indicates improved cytological stabilization. ‘The seed-weight apparently 
reached its maximum in the third generation, since no increase was 
obtained in the fourth generation. The last column in the table gives the 
ratio of the hybrid seed-weight to that of the parents: A. elongatum 
(hulled) hybrid: wheat parent. The fourth generation hybrids are 3 to 5 
times the weight of the grass parent and approximately one-half that of 
the wheat parent. The seed-size is important in that it determines how 
readily the hybrids can be established under dry-soil conditions. 

No analysis has been made of the inheritance of the character of 
perennialism. The cytological irregularities in such a wide cross would 
make such an analysis unreliable. ‘The winter survival, although it 
affords a fair indication of the proportion of perennial plants in any 
population or line, is not a very precise criterion, as a rigorous winter or 
an early spring with poor snow-cover will eliminate some perennial 
plants as well as annual types. This was shown in an analysis of the 
survival of two groups of F3 lines from the cross C.A.N. 1835 x A. 
elongatum. Group A was sown on high land and showed generally good 
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survival; group B was on low land subject to spring flooding. The dis- 
tribution of the lines for survival was as follows: 





Survival | o- | 11-| 21-| 31-| gI- | 51-| 61-| 71- | 81- 
per cent. | I0 | 20; 30| 40 


9I- 
50 60| 70} 80)! go 100 | Total Mean 


Group A 1 2 2 2}; 2 3 7 12 | 5 10 | 46 | 78-8 + 3°54 


. wt Si el el Ol MB 1aetiet 23] 60 | 39°2+2°76 











The means of the two groups differ significantly although genetically 
they are drawn from the same population. The segregating F2 popula- 
tions in all crosses gave a high proportion of perennial types suggesting 
that perennialism is controlled by at least two main factors. Blinkova [13] 
has studied the winter-hardiness of the hybrids from a physiological 
standpoint, showing that the hardier plants accumulated more sugar and 
had a lower water-content in their roots in the autumn than the less 
hardy plants. 

The parent Agropyron plants, owing to the xerophytic character of the 
leaves, do not make attractive forage grasses although possessing the 
character of early active growth and the ability to produce an abundant 
leafy growth in the early stages. The F1.and F2 generations showed a 
Seiely strong dominance of Agropyron leaf-characters; hence attention 
has been paid to the selection of plants showing the soft leaf-texture of 
the wheat parents. 

Two characters that are associated in the harvesting and threshing of 
the mature grain are shattering and threshability. There is a tendency in 
many of the lines for the rachis to break when mature, causing losses of 
portions of spikes. This loss can be avoided by harvesting the material 
on the green side and allowing it to mature in the stook. This does not 
make the hybrids ideal for combining. There are also many lines that do 
not give a good separation of the chaff and grain upon threshing. How- 


ever, such grain with hull attached passes freely through the drill-runs 
and is not objectionable in a feed grain. 


TABLE 4. Chemical Composition of Hybrids compared with Wheat 





Percentage composition 


Carbo- Ether | N-free | | 
Material Protein Ash hydrates Fibre | extract | extract | Ca P| K 
C.A.N. 1835 x 
elongatum . 25:0 | 3'1 68:5 36 3°4 64°9 | O11 | 0°68 | 1:04 
Lutescens x 
elongatum . 27°1 3°6 66°5 3°5 28 63°0 | 0-14 0°67 | 1°19 
Marquis wheat 18-4 1°6 7S 2°6 2°5 74°9 | 0°05 | 0°31 | 0°74 


Spring wheat | 
(average) ; 16'0 18 79'9 2°4 2°3 
Winter wheat 


775 | 0°04 0°45 | 0°49 
(average) . 12°5 | 18 83°4 2°4 2°3 


83°0 | 0-04 | 0°45 | 0°49 





One of the merits of the Agropyron parents is their immunity or strong 
resistance to such fungus diseases as rust and smut. In tests of several 
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hybrid lines to rust epidemics carried out by the Cereal Division, the 
material showed very marked resistance. Some lines appear to be sus- 
ceptible to ergot, but this is more noticeable in the semi-sterile lines, and 
it is hoped that highly fertile lines will be relatively free from ergot 
infection. 

To obtain information of the relative chemical composition of the 
hybrid grain and wheat, seed was bulked from several F4 lines of C.A.N. 
1835 x elongatum and Lutescens 062 x elongatum, and compared with 
bulked samples of spring and winter wheat and Marquis. The results 
are shown in Table 4. Compared to the wheat samples both hybrid lots 
are high in protein and the minerals calcium, phosphorus, and potassium. 
They are considerably lower than the wheats in carbohydrates and 
nitrogen-free extract. The fibre-content was also high, although care 
was taken to see that the hulls were removed from the seeds. 


(c) Back-crossing. 

One fact which was apparent upon growing the F1 generation was the 
complete sterility of the hybrids involving A. glaucum. ‘This sterility was 
due to the failure of the anthers to dehisce. In an attempt to establish 
fertile lines, back-crossing with the wheat parents was resorted to. Back- 
crosses were also made with some of the elongatum hybrids in order to 
improve seed-size and threshability. ‘The percentage success in obtain- 
ing back-crossed seeds was very low: from 15,335 pollinations in the 
glaucum hybrids only 36 seeds were obtained, and from 5,518 pollina- 
tions in the elongatum hybrids only 19 seeds were obtained, representing 
an overall success of 0:25 per cent. Peto [g], who examined the glaucum 
back-crosses cytologically, found a partial explanation of the low back- 
crossing success. He found the back-crosses were triploids, presumably 
obtained by the fertilization of unreduced female gametes by normal 
male wheat gametes. This cytological condition persisted in the second 
back-cross generation also. 

The crossed seeds were planted in the greenhouse and the plants 
grown to maturity. The second generation (G2) lines were established 
in the field and tested for perennialism: fully half of the lines proved to 
be annual in habit and the remainder segregated annual and perennial. 
Several of the surviving lines are given in Table 5; they show the 
progress made after 4-6 generations of line-breeding. ‘The winter- 
survival of many of the G4 and Gs lines is fully equal to that of selfed 
lines and they are true-breeding for perennialism. 

The fertility does not show the same uniform trend of increase as in the 
line-breeding. However, in crosses where fertility was low in the first 
two generations selection has improved it considerably. ‘The seed- 
weight as the result of the wheat back-cross was initially good, and this 
has been maintained in succeeding generations. ‘The back-crossed lines 
for the most part thresh freely and possess good forage quality. 

Although we have made but one back-cross in any given line the 
material has now become sufficiently stable to permit another cross to the 
wheat parent with the aim of further improving grain quality. ‘The 
chances of selecting perennial types from such new crosses should be 
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fully as good as after the initial cross. The Russian workers have back- 
crossed repeatedly with some of their lines, but this resulted in the 
complete loss of the perennial character. By this procedure they have, 
however, succeeded in producing hardy winter annual wheat of high 
grain-quality. 


TABLE 5. Comparison of Back-crossed Lines in Succeeding Generations 





| Fertility | Gm. wt. 





Genera- | Winter | (seeds per | per 1,000 
Line No. | Cross tion | survival head) | seeds 
B7 (C.A.N. 1835Xelongatum)| G2 | 74'°4 Io'l 10°6 
F1 x C.A.N. 1835 G3 56-0 22°9 15°8 
_ G4 93°2 160 | 166 
B27 | (Mindum*xglaucum) Fix | G2 75°0 20°2 18°5 
Mindum G3 26-9 9°9 21°5 
G4 | 83°93, | 166 26°3 
G5 | 87-5 | 29°0 30°6 
G6 780 =6| 8 31°2 25°8 
B 34 | (Lutescens x elongatum) F1 G2 | 7oo | 8-0 19°4 
< Lutescens G3 OC “s | zs 22°5 
G4 | 482 112 | 286 
Gs | 43°70 27°0 210 
B42 3 (Minturki glaucum) Fr x G2 65:0 | 6°3 21°9 
Minturki G3 |= 93°! 19°2 32°9 
G4 | 846 14°8 26°5 
B 49 (Chinese x elongatum) F1 x G2 7o 8 (| 3°5 20°3 
Yaroslav G3 80°0 15°0 23°% 
G4 82°4 aay || «4248 
B59 | (C.A.N. 1835 x elongatum) G2 60-0 oo | ss 
F2 x Marquis G3 88-5 23°1 26-2 
G4 64:0 18°8 21's 
B 60 (C.A.N. 1835 x elongatum) G2 50°0 19°2 22°1 
F2 x Kharkov G3 94°9 g'0 27°8 
G4 95°2 33°0 19°5 


(d) Production of Amphidiploids. 


A breeding method which we have successfully used in this project is 
that of restoring fertility to the sterile Fr glaucum hybrids by doubling 
the chromosome complement. Prior to 1938 the method tried was that of 
applying alternating high and low temperatures at the early zygotic 
divisions. Peto [8] succeeded in producing an amphidiploid, Kharkov x 
glaucum, by this method. There seems to be a definite upper limit to the 
chromosome number at which the reproductive cells of the hybrids will 
function. A 7. vulgare (Marquis) amphidiploid, produced by heat- 
treatments, proved to be sterile, and we have never succeeded in pro- 
ducing functional amphidiploids using the elongatum hybrids. 

With the discovery of colchicine as a means of producing polyploids 
artificially, numerous amphidiploids have been produced in the wheat- 
glaucum hybrids. Empirical data on the relative effect of different types 
of colchicine treatment were given by Armstrong and McLennan [4]. At 
heading time the amphidiploids may be identified on the basis of 
fertility, unaffected diploids remaining sterile. 
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Table 6 gives the amphidiploids that have been obtained and the 
present status of the various strains. Crosses with tetraploid species, 
T. dicoccum, T. durum, and T. turgidum have yielded the most amphi- 
diploids. The percentage of amphidiploids produced from treated seed 
in the hexaploid crosses has always been consistently lower than in the 
tetraploid crosses, which is believed to be due to the lesser ability of the 
doubled tissue in the former to compete with the residual diploid tissue, 
and the plants as a rule revert to the diploid state before flowering time. 
The four most advanced strains are 5 g1, S 107, S 108, and S 147. 
These strains have been multiplied without any individual plant selection 
and are in the fourth or fifth generation. In the remaining strains 
selection has been resorted to, taking advantage of variation that seems to 
occur in fertility. 


TaBLE 6. Amphidiploids produced from Triticum x A. glaucum Crosses 











Year Breeding 
Wheat species Variety produced No. Present status 
T. vulgare Moseida 1939-40 S108 | F4; testing and mult. 
Kharkov 1937 | § 147 Pa ¥ 
T. dicoccum Vernal 1938-9 Sg! Pas, es 
| Khapli 1940-1 S 132 | F3; line selection. 
T. turgidum No. 49 1939-40 S 107 F4; testing and mult. 
| Mirable 1940-1 | S 137 F2; line selection. 
| Pseudocervinum - S140) | 2 we 
T. durum | Akrona “ | $125 a ms 
| Kubanka ai | S28 | es an 
| Mindum a S 131 ee * 
Pentad we Ssg¢ m m 
T. pyramidale | 119328 . | S145 | * 
T. persicum | Black Perstan ee S 148 = & 





Since all the amphidiploids have the common parent A. glaucum, 
the differences that exist between the strains are largely due to mor- 
phological differences in the various wheat parents. These differ- 
ences involve such head characters as awning, head density, number 
of florets per spikelet, number of seeds per spikelet, seed-size and 
shape, and threshability. There are differences in vegetative charac- 
ters such as height, tillering capacity, time of flowering, leafiness, and 
leaf-texture. 

Despite these differences apparent between strains, they exhibit 
certain similarities. The winter survival is very similar, ranging from 80 
to 100 per cent. for the past four winters. A. glaucum creeps moderately 
by stolons, and this character is largely retained in all the strains. ‘The 
seed-size ranges from 20-25 gm. per 1,000 seeds, which is about similar 
to the best line and back-cross selections. A depth-of-seeding test in- 
dicated that over go per cent. of seedlings from hybrid seed of this weight 
will emerge when planted at a depth of 3 in. 

The cytological condition in tetraploid wheat x glaucum amphidiploids 
has been reported by Peto and Boyes [10] and Armstrong and McLennan 
[4]. Ina group of 5 F2 plants of S g1 the former investigators found 2n 
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chromosome numbers of 64, 68, 69, 70, and 70. Meiotic studies revealed Bra: 
the formation of 27 to 31 bivalents, 6 to g univalents, and occasional the. 
trivalents and quadrivalents. Armstrong and McLennan reported to Cl 
approximately similar numbers in a group of F2 plants from strain thos 
S 107. The latter authors made a study of the F3 progenies of A 
these plants. They found that chromosome pairing was improved exis 
in the third generation over that of the second. A significant correla- are 
tion was found between chromosome number and fertility in the valu 
third-generation plants. The low chromosome segregates as a rule of a 


had a low-grade fertility, whilst the higher chromosome segregates 25 | 
had appreciably higher fertility. 





ee / met 
Discussion b disc 
For more than 30 years the “peo of polyploidy has been in- | ap 
tensively investigated. The problems of the multiple-chromosome series X-1 
became more important and entered into a new phase when different eas 
workers succeeded in producing polyploid plants experimentally. The of 1 
uestion naturally arose whether natural polyploids had arisen in a ( 
similar manner to those experimentally produced. The answer has been hyl 
_— in the affirmative by the actual duplication of natural occurring plo 
orms in the experimental plot. Gregor and Sansome [14] crossed | eff 
Phleum pratense (2n = 14) with P. alpinum (2n = 28), and from among Th 
the resulting sterile triploids they succeeded in raising an F2 progeny of elo 
four plants which were hexaploid, identical, and cross-fertile with the wh 
natural hexaploid form of P. pratense. W. P. Thompson and his co- ap 
workers [15] treated Fir plants from the cross T. turgidum x Aegilops cy 
speltoides with colchicine and secured a small proportion of 42 chromo- he 
some types which in many respects resembled common wheat and were 
cross-fertile with it. These examples could be multiplied many times. T. 
Of the two main types of polyploids, autopolyploids and allopoly- 2n 
ploids, the experimental production of the latter would appear to be the ch 
more profitable economically; in autopolyploids no new chromosome is 
combinations are formed and the products are frequently unstable with les 
a tendency to revert to the diploid state. However, Miintzing [16], in his co 
analysis of interchromosome races in nature, showed that doubling the gr 
same chromosome set frequently results in a polyploid with new physio- fo 
logical properties that may make it highly adapted to a particular en- m 
vironment. With the use of an easily applied method for induced poly- cl 
ploidy, there appears to be no valid reason why all the economic crops of 
the world might not be tested. A start has been made in this direction, 
and although the resulting polyploid forms are not superior to the 
related diploids in every case, the total results are encouraging. Simonet g 
[17], working with a grain strain of flax (2n = 30), succeeded in obtaining W 
tetraploids which were markedly more vigorous and larger-seeded than a 
the common varieties. Sullivan and Myers [18] found that the induced 
polyploid in Lolium perenne possessed a higher sugar-content than the c 
normal diploid. Peto and Boyes [19], working with sugar-beets, obtained d 
not only an increase in green yield of triploid over diploid but also a 
higher sugar-content. On the other hand, Armstrong [20] found that in 
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Brassica campestris tetraploids were distinctly inferior to the diploids, 
the yield being less than one-half. This latter case shows that attempts 
to create new —— strains may not meet with much success in 
those species which are already polyploid in type. 

Although doubts as to the value of the creation of autopolyploids may 
exist, and this doubt can be removed only by actual testing, investigators 
are in general agreement as to the value of allopolyploids. ‘The most 
valuable species in nature have been shown by cytological studies to be 
of allopolyploid origin. A perusal of the literature shows that in the past 
25 years interspecific crossing has been successful on a wide front, but 
economically the work was frequently valueless for lack of a ready 
method to overcome sterility in the first hybrid generation. But with the 
discovery of the use of the alkaloid drug colchicine, the investigator has 
a powerful tool for plant improvement. Unlike such early methods as 
X-rays and heat application, colchicine recommends itself because of its 
ease of application, specificity, general application, and high proportion 
of polyploids produced. 

Our experiments in induced polyploidy with ‘Triticum-Agropyron 
hybrids illustrate two important points in the production of allopoly- 
ploids. Doubling the chromosome number does not appear to be 
effective with plants which are already of a highly polyploid nature. 
Thus it has proved impossible to obtain amphidiploids from wheat 
elongatum combinations where the 2” number would be 112. In the 
wheat x glaucum combinations, on the other hand, the limit has not 
apparently been reached although it is tending in that direction, since 
cytologically tetraploid wheat x glaucum types are more stable than 
hexaploid wheat x glaucum. 

Another point worthy. of note is that in such an amphidiploid as 
T. dicoccum x A. glaucum the chromosome number is not fixed at 
2n = 70 in spite of the theoretical expectation that the wheat-derived 
chromosomes would pair inter se and the glaucum inter se. Instead there 
is at least 50 per cent. of the F2 plants with aneuploid numbers slightly 
less than 70. A study of F3 progenies showed that this condition tends to 
correct or adjust itself since the aneuploid types were associated with 
greater sterility and hence would eventually be eliminated. It is there- 
fore suggested that in many naturally occurring allopolyploids there 
may have been a transitionary period of several generations before the 
chromosome number for the new species became stabilized. 


Summary 


The foregoing paper outlines the g years’ progress made in inter- 
generic hybridization of wheat and certain species of Agropyron. ‘This 
work has proceeded along the three lines of line-breeding, back-crossing, 
and the creation of allopolyploids. 

It is concluded that the compatibility of various crossing combinations 
can best be evaluated by the fertility of the F1 hybrids, and this in turn is 
determined by the degree of homology of the chromosome sets. 

Four generations of line-breeding have resulted in the gradual increase 
of the fertility, seed-weight, and percentage of perennial plants in the 
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selected lines. Agronomic characters that constitute good forage types 
have also been selected for. 

Back-crossing, although beset with more difficulties than line-breed- 
ing, is the most promising method of improving the grain quality of the 
hybrids. 

The most striking recent advance in the work has been the creation 
of amphidipioids in the wheat x A. glaucum hybrids. By the use of 
colchicine as a tool for inducing chromosome doubling new forms are 
created in a single step which are more stable and promising than those 
obtained from years of effort in line-breeding. 

From a study of these new forms or species contributions have been 
made to the whole theoretical question of polyploidy. 
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THE USE OF FERTILIZERS IN THE 
NETHERLANDS INDIES 
P. HONIG 
(Board for the Netherlands Indies, Surinam, and Curagao, New York) 


For the reconstruction of agriculture in the Netherlands Indies a factual 
knowledge is required of the various fertilizers that are used there for 
the typical crops. A distinction must be made between the agricultural 
production that is destined principally for export, and the reconstruction 
of which depends upon export possibilities, and the production for home 
consumption, notably food-stuffs. 

Most of the fertilizers that were used before the present war were im- 
ported, and these were supplemented by such locally produced materials 
as pressed oilcakes, plant ashes, and rock phosphate. The last-named 
was of growing importance, particularly if compared with the total con- 
sumption of phosphatic fertilizers. Table 1 gives the annual consumption 
of imported fertilizers over a period of years; it suggests that the con- 
sumption was rather small for the vast expanse of land in regular use 
for agricultural production. 


TABLE 1. Annual Consumption of Imported Fertilizers, in 
Metric Tons of N, P,O;, and K,O 





N P.O; K,O 
Native crops: Java ; , 2,200 1,000 
Sumatra . ‘ 130 130 ei 
Plantation crops: Java : : 18,250 4,430 1,100 
Sumatra . / 2,800 1,800 1,500 
Total ‘ , ; , 23,380 7,360 2,600 





The next table indicates the areas covered more or less regularly by 
the principal crops: 

TABLE 2. Planted Areas of the Main Plantation Crops in Hectares' 
(Averages for the years 1938-40) 





. | x 
Crop | Hectares | Crop Hectares 
Rubber ; ‘ , 620,000 Coffee 100,000 
Oil-palm_.. : : 125,000 Tobacco: Java 25,000 
Tea : ‘ ; 140,000 Sumatra 12,000 
Sugar-cane ‘ ‘ 100,000 Cinchona 17,000 








1 y hectare = 2°47 acres. 


The data in these tables suggest that systematic use of fertilizers was 
rather exceptional. 

The value of the use of fertilizers is a technical problem that has been 
tackled from many sides. From the economic point of view it could not 
be decided with certainty which type of fertilizer would increase pro- 
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duction without incurring a loss. For two crops fertilizers are essential : 
for sugar-cane in Java, where every hectare of it is fertilized, and on the 
tobacco plantations in Deli, Sumatra, and in mid-Java, where it is 
indispensable for quality of produce. Fertilizers were used on a number 
of plantations growing rubber, sisal, coffee, palm-oil, and manioc, but 
their use was not general; agricultural products of the same quality 
could be obtained without any disastrous effect on yield if no fertilizer 
was used. Hence, with the exception of sugar and tobacco, the use of 
fertilizers cannot be included as an essential item in any programme of 
rehabilitation or reconstruction. Where fertilizers were applied syste- 
matically they were an important factor in economical production rather 
than a prerequisite of reconstruction. 

As the selection and time of application of fertilizers require a 
thorough understanding of the needs of the various crops, the responsi- 
bility for their use must be given to experts. Experience, systematically 
collected, must be the basis of any plan for the recruiting of a skilled 

ersonnel needed for reconstruction. In the N.E.I. (Netherlands East 
ndies) such data are available for some branches of agriculture, but in 
others the experimental stage has not been completed. 


Fertilizers used in the Netherlands Indies 


Nitrogenous fertilizers —Of these, ammonium sulphate is the most 
important; 70 per cent. of the total import was used for sugar-cane. 
Sodium nitrate has also been imported (since 1936) for this crop; it was 
marketed in a granular form under the trade name of ‘Champion Brand’, 
and was not highly hygroscopic. Small quantities of calcium cyanamide 
and urea were also ‘impacted and various oilcakes were obtained from 
local mills. These oilcakes were generally sold on the basis of their 
nitrogen-content; groundnut cake contained about 7 per cent. of nitro- 
gen, kapok-seed cake about 4} per cent., and copra cake about 2 per 
cent. These pressed oilcakes were usually used in the mountainous 
districts in admixture with inorganic fertilizers, in order to bring up the 
plant-food content to the desired level. Their price was usually based 
on their nitrogen-content, the unit price of nitrogen being fixed at twice 
that of the official unit value of nitrogen in ammonium sulphate. The 
general experience was that sulphate of ammonia was satisfactory and 
safe to use, but in many instances granulated Chilean nitrate was an 
adequate substitute for it. The limited use of cyanamide and urea has 
not disclosed any advantage they possess over sulphate of ammonia, 
except in one or two special cases, such as for sisal and cinchona. 

Phosphatic fertilizers—Much rock phosphate has been used during 
the last 15-20 years. It is obtained from deposits found in West Java, 
and contains 64-68 per cent. of tricalcium phosphate (with 28-29 per 
cent. P,O; soluble in strong acid), together with small percentages of 
CaCO , Fe,O;, Al,O;, and SiO,. Moderate amounts of finely ground 
rock phosphate were imported from North Africa, from the Red Sea, 
and from Christmas Island. The mineral was usually ground to a 
fineness that allowed go per cent. of it to pass through a 100-mm. sieve, 
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and it was applied for perennial crops like rubber, oil-palm, tea, and 
cinchona, especially at replanting. Production of the local material, 
known as Cheribon phosphate, amounted to 30,000-35,000 m.t.p.a., 
and the imports from Africa, the Red Sea, and other places to 10,000- 
12,000 t. Soluble phosphoric acid is applied as double superphosphate 
and ammonium phosphate; most of it was used for sugar-cane when 
that industry was at its peak, but, owing to its higher price, the consump- 
tion of it declined when that of sugar decreased and the planted acreage 
was reduced. Very large amounts of phosphate were used in Java and 
Sumatra for tobacco, oil-palm, and tea, and in recent years it was —_ 
used in mixtures containing also nitrogen and potash. In the Deli 
tobacco industry these mixtures were especially popular: they bore the 
name of ‘tobacco guanos’, and were relatively poor in plant-food 
(20-25 units). 

The use of mon-ammonium and di-ammonium phosphates has in- 
creased ; owing to their high plant-food content they are more economical 
than materials containing only one nutrient, the consumption attaining 
10,000 to 12,000 t.p.a., representing 1,650 t. of nitrogen and 4,000 t. of 
water-soluble phosphoric acid. 

Potassic fertilizers.—Potassium sulphate is the favourite potassic ferti- 
lizer; it is used chiefly for tobacco, but there is a growing consumption 
for cinchona, tea, and manioc. The chloride was used for sugar-cane 
up to 1930, when, following the reduced crop and the lower prices for 
sugar, it was given up. Small quantities of magnesium-potassium sul- 
phate (‘Patent Kali’) were imported and used almost exclusively in 
Sumatra for oil-palm, and in Java for sisal, when the need of magnesium 
was indicated. 

Fertilizers other than those mentioned were imported on a small and 
relatively insignificant scale. Their continued use was largely due to the 
conservatism of planters, who feared that a change of fertilizer might 
injure the quality of the crop; for example, the Deli tobacco industry 
for a long period used some 5,000 t.p.a. of basic slag, which might have 
been readily replaced by other sources of phosphoric acid. 


Fertilizers in Native Agriculture 


Agriculture in the N.E.I. may be divided into two groups, native- 
grown crops and estate-grown crops. 

The working methods used in native agriculture are centuries old, 
but new methods have been introduced slowly and gradually under the 
instructions of the Department of Agriculture. The most successful 
innovations have been those connected with the introduction of new 
plant varieties, which has on occasion entailed the rational use of ferti- 
lizers as an integral part of such new ventures. 

Native agriculture is under the supervision and guidance of the 
Extension Service for Agriculture, which maintains a staff of agronomists 
at focal points throughout the Islands. The so-called ‘minor agriculture’ 
is also beneficial. It is in the hands of Indo-Europeans, who own and 
work areas of 50 to 100 acres, many of whom were connected at some 
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time or other as supervisors with the Western plantation agriculture and 
have adopted methods derived therefrom on their own holdings. ‘These 
farmers introduced the cultivation of potatoes and onions, and they 
have striven to improve the native varieties of tobacco, especially in 
East Java. ' 

Thanks to the efforts of the Agricultural Extension Service, the native 
populations of the islands of Banka and Biliton have become convinced 
of the economic value of fertilizing their pepper-vines, using principally 
ammonium phosphate, sulphate of ammonia, and an organic fertilizer 
obtained by finely grinding prawn shells. 

Table 3 gives the consumption of nitrogenous and phosphatic fertilizers 
by native agriculture during the years preceding the war. 


TABLE 3. Annual Consumption of Fertilizers in Metric Tons used in 
Native Agriculture 





Ammonium | Double 
sulphate | superphosphate 

Potatoes (West Java—Preanger) : ; : 1,000 1,000 
Onions (West Java—Cheribon) ‘ ' 3 3,000 | 4 
Native tobacco (Mid. Java) : . : ain 500 a 

= = (East Java) : : ; 3,000 350 

Rice (West Java) | 600 

» (Mid. Java) } . . ; : ; , 300 {300 

», (East Java) 300 

Small holdings (West Java) ; A : : 300 | 100 
- mt (Mid. and East Java) . ; ; 1,000 ste 

Various native products: sereh, soya bean, maize 1,700 














In addition some 3,000 m.t. of ground rock phosphate were used for 
plantation crops (rice, &c.) and for soil improvement. 


Fertilizers used on European-owned Estates 


Estate-grown crops in the N.E.I. are always under European super- 
vision, which ensures the economical use of fertilizers as a permanent 
study. The largest consumer of nitrogenous fertilizer is the sugar-cane 
industry, a minimum of 100 kg. N per ha. (89-2 Ib. per acre) being used 
for each crop. Apart from the areas that also need phosphoric acid, this 
nitrogen is practically always applied as sulphate of ammonia, in two 
or three doses at 30-60-day intervals. Where phosphoric acid is also 
used, ammonium phosphate supplying 30-50 per cent. of the total 
nitrogen requirement is given, and the balance of the nitrogen as sulphate 
of ammonia after the cane has been earthed up. 

Other crops are treated less regularly, and rarely are applications so 
large as those for sugar-cane. Recently, however, systematic use of nitro- 
gen has been adopted in the cultivation of rosella (Hibiscus sabdariffa). 
Fertilizers are not in general use for rubber. For tea and cinchona 
they are used fairly generally. Limited use is made of them for sisal. As 
plantations of perennial crops grow older it is reasonably certain that 
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fertilizers will be applied more generously to compensate for exhausted 
plant-foods in the soil. 


TABLE 4. Annual Consumption in Metric Tons of Fertilizers 
for the Main Plantation Crops 





Double 
‘Super’ Potash, 
Ammonium and other Ammonium mostly 


sulphate P ferts. phosphates pot. sulph. 





Java: 
Sugar-cane : : ‘ . | 70,000 500 3,000 
Rosella ‘ P ; ; ; 1,800 ea ie — 
Cinchona! . ‘ ; P ; 200 3007 1,000 200 
Manioc . : : . ‘ 3003 i te 300 
Rubber 3,500 100 1,000 a 
Tea . ‘ ‘ i 5 ; 2,800 600 2,000 300 
Tobacco . : : F ; 1,5005 1,0005 1,5005 
Sisal® ' ‘ , ‘ , 1,500 4007 
Other perennial crops, e.g. rubber, 

tea, cinchona on replanting of ie 6,0002 
Sumatra: 

Rubber... ; : 5 , 5,000 100 1,000 ie 
Tea . ‘ , ; ; ‘ 2,500 | 1,0003 1,000 I,0005 
Oil-palm, sisal. : ; ~ | 2,5e° 2,000? jee 1,5007 
Tobacco . : ; ’ , 7,000 5,0009 a | 2,5008 
Some perennial crops, esp. on new | 
clearings and replanted areas , as 10,0007 

' Uses a total of 500 t. calcium ammonium nitrate. 

2 Ground rock phosphate. 

3 Part of the fertilizers used is included with sugar-cane. 

* Ash, rich in K,O, sometimes used for young trees on replanted areas. 

5 Partly mixed fertilizers. 

© Urea and cyanamide. 7 Potassium-magnesium phosphate. 

8 In admixture. 9 Basic slag. 


The 5,000 t. of ammonium sulphate applied for rubber in Sumatra is 
used almost entirely by three large rubber-planting companies whose 
estates are situated on a particular type of soil. Some 80 to go per cent. 
of the total area under alber receives nitrogen, though not young, high- 
yielding plants in nurseries, new clearings, or old rubber-bearing areas 
when replanted. Phosphatic fertilizers have been found valuable of late, 
particularly on red clay soils. Rock phosphate, which stimulates the 
growth of green cover-crops, is mostly used. 

Small dressings of ammonium phosphate are used for oil-palm on 
transplanting from nursery to field. 


Modes of Application of Fertilizers 
For many years it was the practice to use only ‘straight’ fertilizers, or 
for planters to make their own ‘compounds’, the exception being the 
use of tobacco ‘guanos’ in Deli (v.s.). Great care and exactness are 
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needed in applying fertilizers for tobacco. They are usually applied 
in the holes in which the seedling plants are to be set, and they are 
spread out by hand before the young plants are put in. The usual rate 
of application is 20-30 grammes per plant, i.e. 150-200 kg. per bouw 
(1? acres) [say 1-1} cwt. per acre]. About 4,000 t. of these guanos are 
consumed each year. 

Individual application to the plant is also practised in sugar-cane 
cultivation in Java, but only for nitrogen; two or three such applications 
are made by hand, so that the man-hour requirement for a whole crop 
is 150-500. Such a practice can only be justified by the extremely low 
cost of labour. For other crops, e.g. rice in nurseries, the fertilizers are 
broadcast. For perennial trees, like cinchona, rubber, and oil-palm, the 
fertilizer is placed in a band around the trunk at such a distance as to 
stimulate the development of the root-system. 


(Received August 8, 1944) 
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THE ROTHAMSTED EXPERIMENTS ON MANGOLDS 
1876-1940 


PART III. CAUSES OF VARIATION OF YIELD 


D. J. WATSON AND E. J. RUSSELL 
(Rothamsted Experimental Station, Harpenden, England) 


Variation in yield from year to year.—The yield of mangolds on Barnfield 
has shown much greater variation from year to year than the yields of 
the other crops grown continuously at Rothamsted. This is shown in 
Table 1, where the standard errors of the yield for a single year are given 
for selected plots of Birnfield. The standard errors are expressed in tons 
per acre, and also as per cent. of the mean yield, to allow of comparison 
with the results for similarly treated plots of wheat on Broadbalk and of 
barley on Hoosfield. For the present purpose only the columns headed 
“Total variation’ need be considered. In each comparable set of plots the 
standard error as per cent. of mean yield is greater for mangolds than for 


TaBLE 1. Variability of Yield of Mangolds on Barnfield, compared with 
that of Continuously Grown Wheat and Barley at Rothamsted 








| | Wheat, Barley, 
Broadbalk Hoosfield 
| Mangolds, Barnfield (1876-1930) (1852-1918) (1852-192 1) ; 
| S.E.* S.E. | S.E. S.E. 
tons per | per cent. of per cent. of per cent. of 
acre mean yield mean yield | mean yield 
| = sce le. : : 
x | = = 
© x aS) zs | 3 x = x ‘S 
fF 2/3|2/3 8\ 3 gis 
: 3 = 8 = = = 
M6 SE ae ae. 5138 7 i3 
Ss aa 3 =~ S oan is 3 aa <4 Ss 3 ~ 
a sf] = $ ~ $ a = s | = a g 
i3/s8} 8/2) Ss) s/s) } 8) 3 1 
= | S = S 7 = 
—_ oe ee 
Farmyard manure . | 1-O | 16°7 | 5°69 | 5°37 | 34°1 | 32°2| 2B | 20°9| 17°5 | 7-2 | 218 | 19°8 
Unmanured | 8-O | 3:2] 1°59| 1°55 | 49°7| 48°4| 3 | 32°0} 25°9}/1-O | 43°4 | 310 
| | | 6-1 | 45.7 | 298 
Complete minerals . | 4-O | 4:4! 1°89| 1°78 | 43°0| 40°5 5 | 39°6| 25°3|4-O | 44°6 | 34°3 
Minerals+sulphate | 4-A | 13°9| 6°92 7°22 49°8 51°9 7 | 2771) 23°7|/4-A_ | 23-4 | 208 


of ammonia | 
Minerals+ nitrate of | 4-N | 16-7 8°53 8-83 | 51-1 | 52°9 | 





| 
soda | | | | 
— of ammonia | 8-A | 5:2 | 3°24 | 3:22 | 62°3 | 61°9 | 10 | 38-2) 34°8| I-A | 36:9 | 27:7 
only | | | | 
Nitrate of soda only | 8-N| 9:1| 5°69} 5°87| 62°5| 64:5; .. | .. | .. | I-AA] 32-0T!] ft 
Sulphateofammonia+| 5-A | 6°6| 3°77 | 3°63 | 57°1| 55°0| II | 39°0| 33°7| .-- (eel ue 
superphosphate | 
Nitrate of soda+ | 5-N | 13°9| 7°34 7°54 | 52°8| 54:2 
superphosphate | 


Sulphate of ammonia | 6-A | 13°1 | 6°71 | 6°96 | 51°2 | 53°1| 13 | 26:9] 24°7) 
+ superphosphate + | | | | | 
sulphate of potash 

Nitrate of soda+ | 6-N | 14°4 7°69! 7°89/ 53°4| 54°8 
superphosphate + 
sulphate of potash | 





+ 


* S.E. for a single year. + For the period 1868-1921. } Not yet determined. 
3988.50 F 
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wheat and barley. There is one exception, on the plots receiving com- 
plete minerals but no nitrogen, where the barley yields have been slightly 
more variable than the mangold yields, but for most treatments the 
variation. was much greater for mangolds than for the cereals. 

Comparing the standard errors in tons per acre for the different plots 
of Barnfield, there is an obvious increase with increase in the mean yield; 
all manurial treatments which increase the yield also cause an increase in 
the variability from year to year. This is in agreement with the results 
given on p. 68, where it is shown that the fertilizer responses are greater 
in years of high yield than in years of low yield. When, however, the 
standard errors are expressed as per cent. of mean yield, the standard 
error for the farmyard-manure plot is considerably less than that for any 
other plot; the increase of yield produced by farmyard manure is 
accompanied by less than a proportionate increase in variability. In this 
sense farmyard manure may be said to have a steadying effect on yield. 
Phosphate and potash have similar but much smaller effects. These 
results agree with those found for Broadbalk wheat and Hoosfield barley; 
but, although both nitrate of soda and sulphate of ammonia, applied 
alone or with mineral fertilizers, increased the standard error per cent. 
for mangolds, they caused a reduction for wheat and barley. These 
results are shown in another way in Fig. 1, but here the differences 
between treatment are emphasized, for variability is expressed as Relative 
Variance per cent.: ; 


(“ane oa) 
100 X ‘ 


mean yield 
Fig. 1 brings out the additional point that, unlike the other nitrogenous 
fertilizers, rape cake tends to reduce the relative variability. 

Kalamkar' applied R. A. Fisher’s methods of statistical analysis to the 
data for the period 1876 to 1930, separating the total variation into three 

arts: 

(1) steady diminution of yield, ascribable to soil deterioration; 

(2) other slow changes, ascribable to factors which vary regularly 

from year to year; and 

(3) the residual variation, called the annual variation, ascribable to 

factors which vary irregularly from year to year, including seasonal 
weather conditions, experimental errors, &c. 

The analytical procedure consisted of fitting polynomial curves of the 
fifth degree to the yields for the 55-year period 1876-1930. ‘The linear 
term of the polynomial is taken as a measure of soil deterioration. 

The relative importance of the three types of variation is shown in 
Fig. 1. Deterioration and slow changes account for only very small 
fractions of the total variation. On most plots they are almost negligible. 

This is further illustrated in Table 1 which gives the standard errors 
per cent. for a single year, before (column headed “Total variation’) and 
after (column headed ‘Annual variation’) the elimination of variation due 
to deterioration and slow changes. The elimination of these fractions 


' J. Agric. Sci., 1933, 23, 161-75. Strips 2 and 7 were excluded from this investiga- 
tion because of the changes in their treatment in 1895 and 1902, respectively. 
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scarcely affects the standard errors of the mangold yields, whereas for 
most of the wheat and barley plots it reduces the standard errors very 
considerably. 


|__| Deterioration 
: willl Slow changes 


o- Annua! Variation 
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Relative Variance, per cent 
— - Lond Nm 
o oO So on 
T T T 
/ 
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ONAACC 
8 (no minerals) 





Cc 
Strip:- 1(F.Y.M.) 


4{P,K,Na,Mg) 
Fic. 1. Variability of the yield of mangolds on Barnfield, expressed as relative vari- 
ance per cent., showing the fractions accounted for by deterioration, slow changes, 
and annual causes. 
O = no nitrogenous fertilizer, N = nitrate of soda, A = sulphate of ammonia, 
AC = sulphate of ammonia and rape cake, C = rape cake. 


Deterioration of yield—Kalamkar’s estimates of the linear regression 
coefficients of yield on time, which measure the mean annual diminution 
of yield are given in Table 2. 


TABLE 2. Mean Annual Diminution of Yield of Roots. Mangolds, 
Barnfield. Tons per Acre. 1876-1930 





Strip 1 Strip 4 Strip 5 Strip 6 Strip 8 

Series FYM PKNaMg P PK No minerals Mean 
O 0016 0-041 07035 0°022 0°026 0'028 
N —o'o80 0°005 0028 0016 0028 —o'ooI 
A 0°053 0004 0°032 —0°024 O'013 0-016 
AC 0°099 —0'003 0:038 0'023 0-069 0°045 
. 0°075 O'osI 0°063 0058 0:066 0°063 
Mean 0'033 0°020 0°039 o'019 0040 0°030 





A negative sign indicates that the yield did not deteriorate but tended to increase 
over the period. 
Significant results italicized. 


Only three of the individual coefficients are statistically significant. 
Comparison of the means for the series of plots receiving different nitro- 
genous fertilizers (last column of Table 2) indicates that deterioration 
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has been less rapid in the nitrate of soda and sulphate of ammonia series 
than in the no nitrogen series; on the nitrate of soda plots, except where 
no potash is given, deterioration has been negligible, or the yield has 
even tended to increase. This result is similar to that found for Broad- 
balk wheat. Rape cake, on the other hand, has increased the rate of 
deterioration. In this respect it has behaved differently from the other 
nitrogenous fertilizers. ‘The reason is not known. 

A comparison of the means for the strips receiving farmyard manure 
or different mineral fertilizers (bottom row of Table 2) shows a higher 
rate of deterioration on the strips without added potash (5 and 8) than on 
the other strips. This evidence of potash exhaustion is similar to that 
shown in the Broadbalk results. ‘Table 3 gives the rates of deterioration 
expressed as ” cent. of mean yield for comparable plots of Barnfield 
and Broadbalk, so that the results of the two experiments can be com- 





pared. 

TABLE 3. Mean Annual Diminution of Yield as per cent. of Mean Yield 
Treatment No minerals Pp PK PKNaMg 

Broadbalk wheat (1852-1918) | 

Plot : ; : ‘ - 10 II 13 7 

In presence of sulphate of ammonia o'81 0°99 oO'41 0°46 

Barnfield mangolds (1876-1930) 

Strip. ; ; - , : 8 5 6 4 

Mean of nitrate of soda and sulphate 0°29 | 0°29 —o'06 0°03 

of ammonia series 
Mean of all series, including noN . | 058 0°45 =| O14 or'12 





Table 3 emphasizes that the rate of deterioration has been relatively 
much less on Barnfield than on Broadbalk. This is partly because the 
Barnfield plots had already been under varying fertilizer treatments for 
30 years before the mangold experiment began in 1876. For 20 years the 
treatments had been the same as in the mangold experiment. 

Analysis of soil samples taken in 1870 showed that the nitrogen in the 
top g in. of the plots receiving farmyard manure was 0-15 to 0-17 per 
cent., whilst that on the plots receiving artificial fertilizers only was 
already down to 0-09 per cent., the minimum below which there is no 
further fall at Rothamsted, the further losses being balanced by the gains 
from bacterial action, weathering, &c. (‘Table 4). 


TABLE 4. Percentages of Nitrogen in the Top 9 in. of Soil, Barnfield, 








1870 
_____ Rape cake 
_ Nitrate of | Sulphate of | + Sulphate | 
Strip NoN soda ammonia of ammonia | Alone 
1. Farmyard manure | 0°145 o'150 OvISI 0169 o°159 
s. F é - | 0089 0096 0°094 0106 O°104 
6 PK. . , ‘ 0°087 0090 0094 0103 0°097 
4. PKNaMg . - | 0°093 | 0°100 0°095 0106 O°104 
3. None . - | 0088 | 0°096 | 07092 O°101 0°108 
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For purposes of statistical analysis deterioration is assumed to take 
place at a constant rate, but it almost certainly proceeds more rapidly in 
the early than in the later stages. It seems safe to conclude that the most 
marked deterioration effects were already over when the experiment 
began and that the plots have now settled down to an almost steady state. 
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Fic. 2. Slow changes of yield on selected plots of Barnfield. (Kalamkar.) 


Slow changes.—Slow changes account for only a very small fraction of 
the total variation, but, though these are of doubtful significance, all the 
plots show similar fluctuations (Fig. 2). The yields tended to fall during 
the first 10 years, but this was followed by a rise to a maximum in about 
1900. Subsequently the yields declined again and most of the curves 
show low values in the period 1915-20, which were probably the result 
of war-time difficulties. The slow changes have not been adequately 
explained; they do not correspond with the changes which were made in 
the method of application of the nitrogenous fertilizers, nor is there any 
clear evidence that they are attributable to variations in weed infestation. 
Annual Variation 

Effect of rainfall.—As annual variation accounts for much the largest 
fraction of the total variation of yield, it might be expected that the yield 
would show a close connexion with seasonal weather conditions, but no 
very definite effects of weather factors have yet been traced. 

Kalamkar' has investigated the influence of rainfall and some of his 
results are shown in Fig. 3. 

Additional rainfall above the average was generally harmful during 
March and April, i.e. at or before sowing-time, but beneficial during the 
summer and ineffective in September and October. The beneficial 
action of summer rain was greater on the plots receiving farmyard 
manure, rape cake, and nitrogenous fertilizer than on the plots without 
nitrogen; it was not affected, however, by phosphate, potash, or soda. 


1 J. Agric. Sci., 1933, 23, 571-9. 
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The harmful effect of spring rainfall was more marked on the farm- 
yard-manure plots and on those receiving potash than on the others. 
These effects are not very pronounced; they account for only a small 
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Average effect in tons per acre of one additional inch of rain 
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Fic. 3. Effect of rainfall on the yield of mangolds, Barnfield. (Kalamkar.) 
Upper half—average curves for five plots of series O (no nitrogen), A (sulphate of 
ammonia) and AC (sulphate of ammonia and rape cake). 
Lower half—average curves for five plots of strips 1 (farmyard manure), 4 (com- 
plete minerals), and 8 (no minerals). . 





part of the annual variation, and are not statistically significant, but so 
far as they go they indicate that farmyard manure acts best in years of dry 
spring and wet summer; nitrogenous fertilizers are not much affected by 
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spring rainfall but act best in wet summers; potash is best in years of dry 
spring but is not affected by summer rain or drought, whilst the effects of 
salt and superphosphate are independent of rainfall. 

Effects of other weather conditions have not yet been investigated. 

Effect of sowing-date.—Variations in sowing-date do not account for 
any appreciable part of the variation in yield. Sowing has been as 
early as April 5 (1883) and as late as June 6 (1877 and 1878); the average 
date has been April 30. The regression coefficients of yield on sowing- 
date are not significant nor all of the same sign for the various plots; for 
four of them they are: 





| | Regression coefficient :* 


Plot Treatment cut. per day 
8-O | No manure —0'40+0°34 
4-O PKNaMg: No N | —0'17+0°43 
4-N PKNaMg: N as nitrate of soda 0-91 -+0°62 
2-N Farmyard manure, PK: N as nitrate of soda —o'69-+0°69 





* Period 1876-1939, rejecting 14 years in which the crop failed or needed re-sowing 
or much patching by transplanting. 

The average date of sowing for the years in which the crop failed was 
April 25, indicating that failures were more frequent among early-sown 
rather than late-sown crops. 

Effect of variation in plant-number.—The relation of yield to plant- 
number has already been discussed in Part II of this paper.' Table 5 
shows the percentage of the total variance of yield accounted for by 
variations in plant-population on the different plots; it ranges from 3 to 

6 per cent., and averages 26-5 per cent. It tends to be low where is 
low? (Table 3, Part II), i.e. where competition is intense, yield is almost 
independent of plant-number. But the relation is not close; a smaller 
fraction is accounted for on the rape-cake plots of series AC and C than 
on the plots of series A and N with sulphate of ammonia or nitrate of 
soda, although the values of & are higher; presumably other causes of 
variation than plant-number play a greater part in determining the yields 
of AC and C than of A and N. The percentage reduction of variance 
cannot therefore be used as a measure of competition. 


TABLE 5. Percentage Reduction of Variance of the Yield of each Plot due 
to Linear Regression on Plant-number (1901-40, 35 years) 














Strip 
Series I 2 4 5 6 7 | 8 
or 17 3 20 28 12 1 | o16 
M -. 22 24 44 56 42 a 38 
A. 30 32 20 48 29 23 45 
AC 32 20 10 12 27 21 31 
cS . 32 18 16 28 34 26 32 





1 Empire J. Expt. Agric., 1943, 11, 65-77. 

2 k is a measure of the absence of competition between roots, defined as the mean 
increase of yield produced by one additional plant, expressed as per cent. of the mean 
yield per plant. 
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None of the other factors so far tested—deterioration, slow changes, 
rainfall, or sowing-date—accounts for anything like as much of the 
variance as is shown in Table 5, and we must regard variation in plant- 
population as the most important cause of annual variation in yield so far 
detected. But the major part of the annual variation still remains to be 
accounted for. 

Effect of rainfall after eliminating the effect of varying plant-popula- 
tion.—As no account was taken of the effect of varying plant-population 
in Kalamkar’s analysis of the influence of rainfall, it seemed possible that 
the variability attributable to this cause might have obscured the rainfall 
effects. An examination was therefore made of the effect of rainfall after 
eliminating the plant-number factor for the period 1901-40 during which 
plant-counts are available. Kalamkar’s results suggest that additional 
rainfall up to the end of May reduces yield, but later in the season it is 
beneficial. Accordingly, saaltie regressions of yield on plant-number, 
and on rainfall during April-May and June—August were calculated for 
a number of representative plots. The results are shown in Table 6. 


TABLE 6. Regression Coefficients of Yield of Roots in Cwt. per Acre on 
Plant-number in Hundreds per Acre, and Rainfall in Inches 








Rainfall 
Plot Plant-number April-May June-August 
1-O I°46+0°51 —2'29+ 10°36 5°18+5°39 
2-AC 2°86+0:96 14°331414°58 18-29+7°59 
4-N 2:27+0°45 5°58+14°26 5°88+8-11 
8-O o-28+o0-711 —o-48+ 2°58 —2°00+ 1°35 





Significant results italicized. 


There is an indication that additional rainfall during June-August is 
beneficial on plot 2-AC, but none of the other rainfall regressions is 
significant. The elimination of the effects of plant-number variation has 
therefore not clarified the relationship of yield to rainfall. 

The regression coefficients of yield on plant-number are almost 
identical with those obtained when the regression is fitted on plant- 
number alone (cf. Table 6 and Table 2, Part II). This indicates that 
plant-number at harvest is not much affected by rain falling during 
the period April to August. 

Relation between the effect of manures and the yield in different seasons.— 
All the manurial treatments on Barnfield have a greater effect in years of 
high yield than in years of low yield. This is shown in Table 7, which 
gives the regression coefficients of the manurial responses on the yield in 
different seasons. ‘The mean yield of all the plots involved in the estima- 
tion of the manurial response was taken as the measure of yield, that is, 
of the goodness of the season. For example, the effect of sulphate of 
ammonia in each season was determined from the difference between the 
mean yield of plots 4, 5, 6, and 7 of series A and the mean yield of plots 
4, 5, 6, and 7 of series O, representing the average effect of sulphate of 
ammonia in the presence and absence of potash and soda, and in the 
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es, . 
he TABLE 7. Relation between the Response of Mangolds to Manures and 
it- Yield. Mean Yields of Roots and Mean Increases produced by Manures, 
far in Tons per Acre, and the Linear Regression Coefficients of the Increases on 
be the Mean Yields. Barnfield 
(1) Nitrogenous fertilizers and their interactions with potash and soda. Data from 
a- lots 4, 5, 6, and 7 of series O, N, and A. 1903-40 
' Pp 3-4 
on 
at Interaction of N Interaction of N 
all Effect of N with K with Na 
e Mean Regression Regression Regression 
er | yteld Mean coefficient Mean coefficie nt Mean coefficient — 
hf OE rr 
al Sulphate of | 8-60 QI2  II9+0:093 3:35 0°55+0°090 | 4°67 0:-48+40:'100 
: ammonia 
1S Nitrate of _ ro‘sof | 12°93. 1°38+0°:065 082 o-10+0°064 2:06 O-17+40°05F 
r soda 
=? 
Or * Of plots 4, 5, 6, and 7 of series O and A. 
t Of plots 4, 5, 6, and 7 of series O and N. 
mn = - : 
(2) Potash and soda and their interaction. Data from plots 4, 5, 6, and 7 of series O, 
N, and A. 1903-40 
ais Interaction of K 
Effect of KO Effect of Na with Na 
a Mean Regression Regression Regression 
Series yield* Mean coefficient Mean coefficient Mean coefficient 
O. No nitro- 4°03 |— 0°05 —0'081+0°051 | 0°20 —0°034+0°037 O21 0042 -+0°050 
gen 
es A. Sulphate of 13°16 3:29, 0°204+0°070 487 0:265+0:066 —4:02 —0-199+0°072 
ammonia 
N. Nitrate of 16:96 0°76 06°037+0°038 2:26 0:083+0-:030 —o'02 0°012+0°043 
. soda 
IS 
1S * Of plots 4, 5, 6, and 7 for each series. 
iS 
(3) Farmyard manure. Data from plots 1, 2, 6, and 8 of series O, N, and A. 1895- 
st 1940 
it Effect of farmyard manure 
g = Series Mean yield* Mean Regression coefficient 
O. No nitrogen ° ‘ - IIIS 15°04 I°24+0°092 
— ) A. Sulphate of ammonia : : 17°16 13°89 0°55+0°136 
f N. Nitrate of soda " ‘ : 21°08 15°02 0:29 +0°096 
a * Of plots 1, 2, 6, and 8 of each series. 
1 
’ (4) Rape cake. Data from plots 4 and 6 of series O and C. 1876-1940 
f Effect of rape cake 
2 Mean yield Mean _ | Regression coefficient 
; = 
f 11°94 15°19 T'29+0:°069 
, Significant regression coefficients italicized. 


a ee el ls 





aseaaad 





7° D. J. WATSON AND E. J. RUSSELL 


presence of phosphate; the yield for each season as taken was the mean 
yield of all eight plots, 4, 5, 6, and 7 of series O and A. Similarly the 
interaction of sulphate of ammonia with potash, which represents the 
difference between the increases produced by sulphate of ammonia in 
the presence and absence of potash, was estimated from the difference 
between the mean yield of plots 4A, 6A, 5—O, and 7—-O and that of plots 
4-O, 6-O, 5A, and 7A, the yield being determined from the mean of the 
same eight plots. 

The regression coefficients expressing the relation of the effects of 
nitrogenous fertilizers, potash and soda, and their interactions, and of 
farmyard manure and rape cake to yield were statistically significant, 
except those for potash and soda in the absence of nitrogen and for 
potash in the presence of nitrate of soda, where the average manurial 
effects were small. In all cases but two the sign of the coefficient was the 
same as that of the mean effect, showing that the effect of the manure 
was enhanced by increase in the mean yield. Where the fertilizer de- 
pressed the yield, e.g. potash in the absence of nitrogen, the depression 
was greater when the yield was high than when it was low. The two 
exceptions are: the effect of soda in the absence of nitrogen, and the 
interaction of potash and soda on the nitrate of soda series; here the signs 
of the average effect of the manure and of the regression coefficient 
differed, but the manurial effects were very small, and the regression 
coefficients not significant. 

Where there is any appreciable interaction between two fertilizers, it 
is greater in years of high yield than in years of low yield. This is true 
of the positive interactions between nitrogenous fertilizers, especially 
sulphate of ammonia, and potash or soda, and of the negative interac- 
tion of potash and soda, in the presence of sulphate of ammonia: the 
increase of yield produced by potash and soda applied together is 
less than the sum of the increases given by potash and soda applied 
separately, and the deficit is greater in years of high yield than in years 
of low yield. 

These results are illustrated by Figs. 4, 5, and 6, in which the manurial 
responses in different seasons are plotted against mean yield. The cal- 
culated regression lines are also shown. These lines usually pass close to 
the origin, showing that fertilizer response is nearly proportional to mean 
yield. It follows that the factors which cause seasonal variation of yield 
affect the yield of all plots similarly and nearly proportionately. 

The effect of farmyard manure in the presence of nitrogenous ferti- 
lizer, however, appears to be exceptional, for although the mean yield is 
greater than in the absence of nitrogenous fertilizer, the effect of in- 
creasing yield is less (‘Table 7). Consequently, although the response to 
farmyard manure is almost proportional to the yield when no nitro- 
genous fertilizer is given, it increases less than proportionally with 
increase in the yield when nitrogenous fertilizer, especially nitrate of soda, 
is also given (Fig. 6). The range of seasonal variation in the response to 
farmyard manure is approximately the same whether nitrogenous 
fertilizer is given or not, although the mean yield has a much greater 
seasonal variation when nitrogen is given. 
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Fic. 4. Relation between the effect of nitrogenous fertilizers and yield in different 
seasons, Barnfield. (The plots used for the determination of the mean increases and 
mean yields are given in Table 7.) 
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Fic. 5. Relation of the effect of potash and soda to yield, in different seasons, Barn- 
field. Upper figure—effect of potash in the absence of nitrogenous fertilizer. Middle 
figure—efiect of potash in presence of sulphate of ammonia. Lower figure—effect 
of the mixture of sodium chloride and magnesium sulphate in the presence of 
sulphate of ammonia. (The plots used for the determination of the mean increases 
and mean yields are given in Table 7.) 
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le Fic. 6. Relation between the effect of farmyard manure and yield, in presence and 
ot absence of nitrogenous fertilizer, in different seasons, Barnfield. (The plots used 
of for the determination of the mean increases and mean yields are given in Table 7.) 
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Mangolds and soil acidity —Although mangolds are more tolerant of fair 
soil acidity than sugar-beet, they will not stand very acid conditions. to t 
The characteristic symptoms of injury by acidity are that the plant fert 
remains small and the root fails to expand; typically, the failure occurs 7 


in — in the field. These symptoms do not occur on Barnfield. 

survey of Barnfield made in 193" showed that the pH was very 
variable and not closely related to the plot boundaries. The ranges of 
om in samples taken from the series receiving different nitrogenous 
ertilizers were: 


Series Range cf pH 
O no nitrogen. ‘ . ‘ e ; . 83-74 _ 
N nitrate of soda . ; . : ; ; - 8 2-7'5 Ro 
A sulphate of ammonia . : : : 7°8-6'5 , 
AC sulphate of ammonia and rape cake. ; - 7°6-5°2 To 
C rape cake , : : 8-0-6'9 w 
a 


The pH fell to lower values on the plots which receive sulphate of 
ammonia or rape cake, and especially on series AC where both are given, 
than on the plots which receive no nitrogenous fertilizer or nitrate of 
soda. As the comparison is between the two halves of the field, it is 
doubtful whether the difference has in fact arisen from the fertilizer 
treatment, or whether it represents a difference in the original content of 
calcium carbonate of the soil. The result is, however, in accordance 
with expectation. The effect of sulphate of ammonia in increasing the NN 
rate of loss of calcium carbonate from the soil is well known and is clearly 
shown in other experiments at Rothamsted, notably the Agdell rotation 
experiment and the Park grass plots. Rape cake has been found to have 
a similar effect on soil reaction in the Hoosfield barley experiment at 
Rothamsted, and the permanent wheat and barley plots at Woburn.' 

The pH was slightly lower on the north side of the field than on the 
south side, towards which the field slopes, but there were no obvious 
differences associated with the strips which receive different mineral 
fertilizers. 

The lowest pH value in the field, 5:2, occurred on parts of plots 2AC 
and 4AC. This value falls in the range where harmful effects of acidity 
on growth and yield begin to be observed. In two experiments, carried | 
out in association with H. W. Gardner on soils of pH values 5-2 and 5-4, 
large responses to applications of lime and chalk were found. The 
results are shown in TT ble 8. 

In both experiments liming increased the number of plants per acre 
and also the yield per plant. 

These results suggest that if the Barnfield experiment is continued 
without liming, a serious decline of yield due to the development of 
acidity may soon develop. 
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Diseases and Pests of the Mangold Crop on Barnfield 


No signs have been detected of any accumulation of diseases as a result 
of the continued growth of mangolds on the same land. Systematic 
examinations made each year since 1930 show that the crop is generally 


1 E. J. Russell and D. J. Watson, Empire J. Expt. Agric., 1938, 6, 307-8. 
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fairly healthy; the most obvious disease is leaf-scorch, which is confined 
to the plots receiving heavy dressings of nitrogenous but no potassic 
fertilizer. 


TABLE 8. Effect of Chalk and Lime Dressings on Yield of Mangolds. 





1936* 
Hunsdon Lodge. Initial pH of 
7: Stevenage. Initial pH of soil 5-2 soil 5°4 
CaO, cwt. per acre. (Mean of 
Se ew. eS 





None 35 70 140 | 210 |S.E.| None 21 42 | 63 'S.E. 
Roots, tons | 17°2 | 24°9 | 2971 | 31°5 | 31°6 | 1°42] Of7 | 14°71 | 17°6 | 15°83 | 1°46 


per acre 
Tops, tons| 1°99/ 2°71/| 3°22! 3°46| 3°39! .. I'gt 2:60 2:90 2°96 
per acre 
Plants, thou- | 14°99 | 17°38) 17°38) 176s 17°5 «- | ro8 | 13° | rg-4 | 14°% 
sands per 


acre 





* Rothamsted Annual Report, 1936, 288-9. 
t Applied in 1933. Hay crops taken, 1933-5. 

In the early years failures of germination not infrequently caused gaps 
in the rows, but there is no evidence that this was due to disease. Black 
leg (Phoma betae (Oud.) Frank) and Pythium sp. can usually be found in 
May but cause only small and apparently unimportant loss of seedlings. 

Crown Gall (Bact. tumefaciens E. F. Sm. and Towns.) is found on two 
or three roots in some seasons in the autumn. Leaf-diseases appear more 
frequently and show some seasonal variation; there is no evidence that 
they are accumulating. Rust (Uromyces betae (Pers.) Tul) can usually be 
found by September or October; in some seasons only slightly, in others, 
e.g. 1934, more frequently, but it is not specially associated with the no- 
potash plots. Leaf-spot (Cercospora beticola Sacc.), which is serious in 
some countries, is not common on Barnfield: it occurs in some years on 
occasional plants, in other years not at all. 

Leaf-scorch. From the outset! the mangolds receiving heavy dressings 
of nitrogen and no potassic fertilizer (especially plots 5A and 5AC) 
showed certain abnormal appearances; the upper leaves were dark green, 
the lower ones were blackish-brown and partly necrotic, in sharp contrast 
with those receiving potash, e.g. 4AC, where the leaves were a paler 
green, later becoming yellow and flaccid, falling gradually on to the soil. 
Lawes and Gilbert never discussed the phenomenon but Hall attributed 
the destruction of the affected leaves of the plants without potash to 
fungi. Later investigations have not confirmed this. It is now recog- 
nized that there are two distinct types of leaf-scorch on the plots, one 
causing black, the other brown lesions. 

1. Black lesions. This disease is apparently due to lack of potash 
relative to nitrogen supply. In the early stages black spots appear 
between the veins of the leaf and may become so numerous as to merge 
into larger patches; the edges of the leaf also become black. It is most 
abundant on series AC, plots 1, 5, 7, and 8, and frequent also on plots 


' Especially fully described in 1877. 
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1, 5, and 8 (not 7) of series C, and on 1 and 5 of series A, all of which 
receive nitrogen but no potassic fertilizer. There are practically no 
symptoms on plots 4 (which receive potash) or on the O and the N series 
(no nitrogen, and nitrate of soda). 

2. Brown lesions. ‘These occur in autumn on yellowing leaves and are 
caused by Alternaria tenuis Mies. and possibly other fungi which, how- 
ever, do not appear to be the primary cause; the lesions frequently occur 
after infection with sugar-beet yellows virus. No special relation to 
manurial treatment has been observed. 

Virus Diseases 

Sugar-beet yellows has apparently been common for many years on 
Barnfield, but it was not identified till 1939, when it was found to be 
well distributed through the whole crop.' It causes a bright yellow dis- 
coloration of the older leaves in August and September, and the leaves 
become brittle and sometimes thickened. 

Sugar-beet mosaic is very seasonal in its occurrence; usually it affects 
only a few plants, but occasionally it is more widespread. In 1933 the 

ercentage of affected plants varied on the different plots from 3 to 70. 

he disease spread from centres of infection and apparently advanced 
independently of manurial treatment from one plot to the next. The 
percentage of infected plants was very small in 1934 and later years. 

Insect pests—The first specific mention of insect attack in the old 
records is in 1891, after 15 successive years of growth, when wireworm 
and Julus worm (a millipede) ‘bit off the young plants just as they were 
coming through the ground’. No further references occur in the 
observer’s notes. From 1922 onwards systematic surveys have been 
made annually by the staff of the Entomology Department, but only two 
insects have been found doing damage over the whole field: 

(1) Atomaria linearis Steph., the pygmy mangold beetle, which caused 
much injury in 1922 and then practically disappeared till 1930 
when it did some damage: it came again in 1933, did more harm 
in 1934, and ruined the crop in 1935, after which, however, it has 
not appeared again in any quantity; 

(2) Bourletiella hortensis Fitch, which did much damage in 1926 and 
a little in 1933. 

Certain other insects have damaged small areas of the crop in some 
years, including Pegomyia betae Curt. (Beet fly), Plectroscelis concinna 
Marsh. (Mangold flea-beetle), Aphis fabae Scop. (Black bean aphis) and 
Agriotes spp. (wireworms). No relation between insect attack and 
manuring, nor any tendency to accumulation of insect pests has been 
found. 

On the other hand, Barnfield mangolds have not been attacked by 
Heterodera schachtit Schm., Pterostichus madidus F ., Tipula spp. (leather-- 
jackets) or Agrotis spp. (cutworms) recorded as doing frequent damage to 
mangolds in other parts of the country. 

Mangolds clearly suffer but little from insect pests and no incon- 
venience need be feared from this cause when they are frequently grown 
on the same land. 

1 M. A. Watson, Proc. Roy. Soc., 1940, 128B, 535-52. 
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Other Experiments on Mangolds 

(1) Saxmundham 

The only other long-continued fertilizer experiments on mangolds in 
this country are those at Saxmundham, begun in 1899 and continued to 
the present time. Each of the four crops of the rotation, wheat, mangolds, 
barley, beans or clover, is grown every year. The annual fertilizer dress- 
ings to each crop and the mean yields of mangold roots in tons per acre 
are given in Table 9. 


TaBLE 9. Mean Yield of Mangold Roots, Tons per Acre. Saxmundham 
Rotation Experiment, 1902-37 





Muriate of Super- | Superphos- Farmyard 
potash phosphate | phate+ Bone meal, manure 
No super- | (1 cut. (2 cut. muriate | (4 cut. (6 tons 
phosphate | per acre)  peracre) of potash peracre) per acre) 
No nitrogen .s 5°0 12°4 12°9 12°3 19°2 
Nitrate of 4 59 18-3 18°8 
soda (2 cwt. 
per acre) 





The results differ markedly from those obtained at Rothamsted in that 
the responses have been to nitrogen and phosphate only and not to 
potash. There has been a considerable positive interaction between the 
nitrogen and the phosphate. Bone meal was much inferior to superphos- 
phate; the 4-cwt. dressing supplying go lb. P,O, per acre gave only the 
same increase as 2 cwt. of superphosphate supplying 38 lb. P.O;. 

D. A. Boyd has made a detailed Seiilaiiaal aacombiiainn of the data, 
studying in particular the rates of deterioration of yield on the various 
plots and the effects of rainfall. Deterioration occurred on all plots from 
which phosphate was withheld: it was very marked for the first 20 years, 
but since about 1930 there has been an upward trend in the curve. On 
the other hand, there was no deterioration when farmyard manure was 
used. The mixture of superphosphate and nitrate of soda with or 
without potash showed no deterioration at first, but gradually a small 
deterioration set in relative to the farmyard-manure plot. Bone meal, 
superphosphate, and superphosphate + muriate of potash showed a 
smaller deterioration. 

The effect of rainfall. ‘The mean annual rainfall at Saxmundham is 
23°7 in., of which about 11 in. fall in the growing-season, June to October 
inclusive. Rainfall above this average tends to lower the yield; this 
harmful effect persists for 2 years, high rainfall in one season tending to 
depress the yield in the next season; it is greater on the plots receiving 
a and farmyard manure. Both these manures are especially 

eneficial in dry seasons. 

These effects in general resemble those obtained for spring rainfall at 
Rothamsted (p. 65) but differ from the effect for summer rainfall, which 
is beneficial on the farmyard-manure plots of Barnfield. 


(2) Fertilizer Responses of Mangolds grown in Rotation 


As mangolds are grown continuously on Barnfield, the results are not 
3988.50 G 
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directly — to ordinary farming conditions, and in particular the 


fertilizer effects are likely to differ in magnitude from those produced on 
crops grown in rotation, on soils which have been maintained in a 
normal state of fertility. The results of the earlier experiments on man- 
golds grown in rotation, given in the Rothamsted Annual Reports for the 
years 1911 to 1927, need not be considered in detail here, for the methods 
of experimentation then in use gave results of low and undetermined 
accuracy. ‘These experiments showed that in ordinary farming conditions 
nitrate of soda was superior to sulphate of ammonia as a source of nitro- 
gen, presumably in part because of its sodium-content, that salt was 
eet and that nitrogenous fertilizers gave profitable returns when 
used to supplement farmyard manure, results which are similar to 
those of Barnfield. 

More recently a small number of experiments has been carried out 
using factorial arrangements, which enable the interactions between 
fertilizers to be measured, and provide an estimate of the accuracy of the 
results. The results are shown in Table ro. 

In the Rothamsted experiments dung, sulphate of ammonia, and salt 
all gave large yield increases, but potash had little effect, and there was no 
response to phosphate. At Oakerthorpe, on a medium-heavy loam, the 


TABLE 10. Effect of Farmyard Manure and Fertilizers on the Yield of 
Mangolds grown in Rotation; Tons per Acre 





Oakerthorpe, Derbyshire Rothamsted 
Roots Tops Roots Tops 
1932 1933 1934 1932 1933 1934 1936 1937 |1936 1937 
Mean yield 27°14 20°58 19°56 6°34 37322 4°01 25°50 21°40 | 3°40 5°77 
Mean response 
to: 
Dung . . (1)8°13 4721 9°75 (1)I°59 0°36 o-70 420 2°04 | 0°50 0°27 
Nitrogen “ (2)8-76 1°42 2°21 (2)1°80 o°49 o'51 7°73 4°95 o'72 0o'90 
Phosphate - ee ws ae nn ox —0o'45 O22  o'05 0°06 
Potash. ‘ (2)5°62 3°68 6°82 (2)1°66 0°33 060 o-22 O74 O19 0°27 
Salt ‘ ne - én a ws wa 3°12 4°92 o750 0°95 
os. . - (1)+0°488 +0976 +0856 (1)+0°130 it0145 +0262 +0°675 | +0°686 ‘ ve 
(2) +0°352 (2) +0°082 
INTERACTIONS 
Response to 
nitrogen: 
Dung absent (1)11°74 2°28 3°02 (1)1°90 0°44 0°66 7°87 580 064 1°39 
Dung present (1)5°79 o'56 1°39 (1)1°70 0°54 0°37 7°59 411 o80 o-4! 
Potash absent (2)7°26 181 0°98 (2)1°46 0°42 o'26 5°93 4°43 0°47 | 0°83 
Potash present (2)10°26 1°03 3°44 (2)2°14 0°56 0-76 9°53 5°48 0°98 | 0:96 
Salt absent . “ es i a si ee 6°68 239 062 0°66 
Salt present . 8-79 7°52 | 0°83 | 1°14 
Response to 
potash: 
Dung absent (1)6°18 4°90 9°26 (1)1°69 0°40 0°34 0°46 o82 o14 0°35 
Dung present (1)5°08 2°44 4°38 (1)1°62 0°26 086 —0'02 066 = 023, | O18 
Response to 
salt: 
Dung absent 4°09 5:22 066 0°67 
Dung present 2°16 461 | 0°33 | 1°24 
Potash absent 1°68 6:29 = 043, |:1'07 
Potash present na ree a , sia ae 4°56 3°54 0°57 | 0°83 
S.E. . (1)+0°613 | 41°38 t12r |(1)+0-154 +t0°205 +0°370, +0°955 | +0°970 + 
(2) +0°498 (2) +0116 





Rates of application of fertilizers. 

Oakerthorpe: Dung, 15 tons per acre; N, 1932, 1°2 cwt. per acre, 1933 and 1934, 0°6 cwt. per acre as sulphate of 
ammonia; K,O, 1932, 3°6 cwt. per acre, 1933 and 1934, 1°2 cwt. per acre as 30 per cent. potash salts; Basal 
dressing of 4 cwt. superphosphate per acre. 

Rothamsted : Dung, 10 tons per acre; N, 0-6 cwt. per acre as sulphate of ammonia; P,O;, 0-5 cwt. per acre as 
superphosphate; K,O, 1:0 cwt. per acre as muriate of potash; Salt, 5 cwt. per acre, 
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effects of dung were greater, even allowing for the heavier dressing used, 
and those of sulphate of ammonia less, than at Rothamsted, whilst potash 
also produced very marked increases of yield. The greater effect of 
potash at Oakerthorpe may be attributed partly to the sodium supplied 
by the potash salts which were used; the 4-cwt. dressing would supply 
about 1 cwt. of sodium chloride per acre. But there is no doubt that, 
independently of any salt effect, the direct effect of potash was greater, 
presumably because the soil was deficient in potash. It is noteworthy 
that farmyard manure produced greater increases of yield in conditions 
where potassic fertilizer was effective, as at Oakerthorpe, than where the 
effect of potash was small and that of nitrogenous fertilizer large, as at 
Rothamsted. This suggests that the value of farmyard manure for the 
mangold crop depends rather upon the potash which it supplies than on 
the nitrogen. The same conclusion has already been drawn from the 
Barnfield results.! 

The main interest of Table ro lies in the interactions between ferti- 
lizers. At Rothamsted the responses to nitrogen were almost as great in 
the presence as in the absence of dung, and the small potash effects were 
independent of the dung treatment. At Oakerthorpe the return from 
both nitrogen and potash dressings in the presence of dung was only 
about half those given in the absence of dung. The effect of nitrogen 
was increased when potash was also given, at both centres, and at 
Rothamsted when salt was given. At Rothamsted the response to salt in 
1936 was greater in the presence of potash than in its absence; in 1937 
the opposite effect was found. Judging by the results of Barnfield and of 
the numerous experiments carried out on sugar-beet, a negative inter- 
action between salt and potash is likely to occur more frequently than 
a positive interaction, and would be expected a priori if sodium and 
potassium have similar physiological effects. No explanation can be 
offered for the positive interaction observed in 1936. 

The general conclusions to be drawn from these experiments are that 
though potash, salt, and in some conditions, nitrogen, are less effective 
when given in addition to dung than when applied alone, the responses 
in the presence of dung are sufficiently large to justify the practice of 
giving mangolds both dung and fertilizers. Also, nitrogenous fertilizer is 
fully effective only when the supply of potash and salt is adequate; 
nitrogen and potash or nitrogen and salt should be used together. At 
Rothamsted there appears to be little advantage in applying potash, 
especially if salt is given. 

The best available estimates of the average responses of the mangold 
crop to applications of fertilizers are those given by Crowther and Yates,? 
in their summary of all published results of one-year fertilizer experi- 
ments carried out in Great Britain since 1900. These have already been 
considered! in relation to the responses observed on Barnfield, and need 
not be further discussed here. 


1 DPD, J. Watson and E. J. Russell, Empire J. Expt. Agric., 1943, 11, 49-64. 
2 E. M. Crowther and F. Yates, ibid., 1941, 9, 77-97. 


(Received Fune 24, 1944) 











THE SEA ISLAND COTTONS 


J. B. HUTCHINSON 
(Empire Cotton Growing Corporation, Cotton Research Station, Trinidad, B.W.1I.) 
AND 
H. L. MANNING 
(Empire Cotton Growing Corporation, Cotton Experiment Station, St. Vincent, B.W.I.) 


Tue Sea Island cottons form a well-defined agricultural race of the species 
Gossypium barbadense. They consist exclusively of cultivated annual 
cottons, and their distribution is so limited that it has been possible to 
collect at the St. Vincent Station practically all the types now in exist- 
ence. Data on the history and relationships of this collection have been 
accumulated as a guide to breeding work, and sufficient evidence is now 
available to justify the presentation of an account of the varietal status of 
the group. 

History.—There are various accounts of the first introduction of 
G. barbadense cottons into the south-eastern United States. The one 
generally accepted is that ‘. . . the best cotton in all the Indies’ was sent 
from the Bahamas to Georgia about 1785 [1, 2]. Watt [1] also refers to 
an account of an introduction of seed from Jamaica about the same time. 
Though the details of the introduction must remain in doubt, it is evident 
from the accounts that both G. barbadense and G. hirsutum var. marie- 
galante' were introduced into Georgia and South Carolina. The marie- 
galante cottons, which only flower in the months with short days, failed 
to crop before winter. Though the original G. barbadense cottons were 
he at least some of them fruited early enough to give some return 

efore the onset of winter, and from them annual types were developed 
by rigorous selection for early cropping. 

The G. barbadense cottons appear to have established a reputation for 
high quality immediately, and it is fair to suppose that the perennial types 
first introduced were of good quality. At the present time the perennial 
G. barbadense cottons of the Lesser Antilles and eastern South America 
are so coarse that they cannot possibly be regarded as representative of 
the ancestors of a fine cotton. Finer types have been found in Puerto 
Rico, and quite high-quality material, often combining good length with 
fairly early cropping, is to be found in the perennial G. barbadense popu- 
lation of north Peru. Western South America is the centre of variability 
of G. barbadense [3], and stocks derived from that area are likely to re- 
spond readily to selection. On botanical grounds, therefore, it may be 
suggested that the necessary combination of good quality and compara- 
tive earliness could only have been obtained from western South America. 
Such types may well have been carried by the Spanish to the Greater 
Antilles, and thence taken to North America. 

The history of G. barbadense in the U.S.A. during the nineteenth 
century is obscure. By the end of the century, however, the finest portion 


1 Classification according to Hutchinson [3] in press. 
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of the crop was that grown on the Sea Islands off the coast of South 
Carolina, and the name ‘Sea Island’ had come to be applied to the whole 
of the G. barbadense crop, both mainland and island. In the last decade 
of the nineteenth century the industry was threatened with extinction by 
the spread of wilt disease. Resistant strains were selected by Mr. E. L. 
Rivers of James Island, South Carolina, in co-operation with the U.S. 
Department of Agriculture [2, 4], and were soon in great demand for a 
seed-supply nucleus from which most growers obtained planting seed. 
Contemporary records indicate that wilt incidence was so severe, espe- 
cially on the mainland in Georgia and South Carolina, that large areas 
could grow no other cotton but the resistant variety from James Island. 
There can be little doubt therefore that Rivers’s original wilt-resistant 
selection is the progenitor of many of the modern Sea Island varieties. 

In the West Indies cotton was a major crop in the latter part of the 
eighteenth and early years of the nineteenth century, only perennial 
varieties being grown [5]. It was, however, replaced by sugar-cane, and 
except for a short period during the American Civil War, cotton prac- 
tically vanished from West Indian exports until the beginning of the 
twentieth century, when competition from the subsidized European 
sugar-beet industry resulted in a very considerable reduction in sugar- 
cane production. Sea Island cotton was then introduced from South 
Carolina to provide an alternative crop to alleviate the distress amongst 
the sugar-cane producers. The credit for the successful establishment of 
the new industry, the prevention of varietal deterioration, and its pro- 
tection from pests and diseases is due to the Imperial Department of Agri- 
culture, and in particular to the first Commissioner, Sir Daniel Morris. 

Shortly after the establishment of Sea Island cotton in the West Indies, 
American growers prohibited further export of seed in an endeavour to 
safeguard themselves against competition. Bulk shipments of seed to the 
West Indies were made only in 1903 and 1904 [6]. In later years, how- 
ever, interested Lancashire spinners collected odd seeds from bales of 
particularly good American Sea Island and sent them out to the West 
Indies for trial. Two of the most valuable West Indian stocks, Heaton 
and Bleak Hall, were acquired in this way. 

Following the cessation of seed supply from the U.S.A., the scientific 
staff of the Imperial Department of Agriculture in the British West 
Indies undertook selection on lines similar to those carried out in the 
Sea Islands. All the important selections in the early years were de- 
scended from Rivers seed of the 1903-4 introductions grown in Barba- 
dos and St. Vincent [7, 8]. The range of strains selected from this 
material is an index of the variability of the original Rivers stock. Accord- 
ing to Thornton [9] the greatest difference in environment was that 
between Barbados and St. Vincent on the one hand, and the islands of 
the Leeward group on the other, and the importance of this difference 
has been substantiated by the results of recent variety trials. Yet at one 
time Barbados Rivers derivatives were the, most successful types in 
Antigua, St. Kitts, and Nevis, as well as in Barbados. 

Barbados Rivers derivatives all trace back to a crop of Rivers grown at 
Stirling plantation, Barbados. From the beginning Stirling cotton was 
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very favourably received by the trade [10], and until the release of 
St. Vincent ‘Superfine’ its derivatives were considered the finest West 
Indian cottons. In 1905-6 Ballou selected Stirling 303, which provided 
the main Barbados stock. Seed from this was sent to Fiji and became 
Fiji Sea Island [11]. Selection was continued in Barbados, and current 
Barbados Sea Island lines are descended from a 1927 isolation known as 
S(27) [12]. Stirling was distributed extensively in the Leeward Islands, 
especially in St. Kitts, where under local selection it gave rise (c. 1908) to 
342(S) [13], which rapidly became the standard variety of St. Kitts and 
Nevis. 342(S) is now known as Nevis Sea Island. In St. Kitts further 
importations of seed were made from Barbados, and from one of these a 
particularly long and fine strain was isolated and called St. Kitts ‘Super- 
tine’. The Sea-Island-cotton collection includes one type known as 
‘Russian’. Though nothing is known of its origin beyond the fact that it 
was obtained from Russia, it agrees in all characters with Stirling Rivers. 
Since it is known that seed of West Indian strains was sent to Russia, 
this line is included in Stirling Rivers. 

“The Sea-Island-cotton industry of St. Vincent was started on a com- 
mercial scale in 1904 with the planting of the Rivers type only, obtained 
from the Sea Islands of South Carolina’ [8]. It was maintained by mass 
selection until 1914. Progeny-row-breeding was initiated by Harland 
after his arrival in St. Vincent, and in 1916 pedigree seed of St. Vincent 
‘Ordinary’, descended from a single plant selection made by Sands in 
1911-12, was available in bulk [8]. Thereafter Harland devoted his atten- 
tion to progeny-row-selection in the Rivers material, for disease-resis- 
tance and cropping capacity. His strains, of which the current AN, BD, 
and OSI are representative, were all of what is now known as ‘ordinary’ 
quality. 

The Stirling stock contributed one variety to the cottons of St. Vin- 
cent. Harland selected the superfine type V135 in 1916 in a crop of 
Barbados Sea Island grown at Grand Sable estate, St. Vincent [14]. 
Though of much higher quality than St. Vincent Rivers derivatives, it is 
no better than modern strains of Stirling Rivers origin, and the current 
race (Type 18 of the type collection at the Cotton Research Station, 
Trinidad) is morphologically closely similar to the Stirling Rivers types. 

We are indebted to Mr. Wolstenholme for the information that the 
finest cotton of the Carolina Sea Islands was grown by Colonel Towns- 
end at Bleak Hall (Edisto Island). Mr. Wolstenholme states that the 
Bleak Hall crop was sold at a very high price, and no seed was sold off 
the plantation. A few seeds were picked out from the lint when a con- 
signment of Bleak Hall cotton was received in Lancashire, and were sent 
to St. Vincent where they gave rise to the BH stock. The stock was 
maintained by mass selection until brought into pedigree culture by Har- 
land, and in 1915 enough was grown commercially ‘. . . to meet annually 
the requirements (100-120 bales of 360 lb.) of the Fine Spinners in 
regard to this fancy cotton’ [8]. From the BH stocks Harland isolated 
a ‘single-stalk’ type, which was particularly early maturing. Reasons will 
be given later for the belief that the current St. Vincent Superfine V46 
is of BH ‘single-stalk’ ancestry. 
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There remains for consideration the Montserrat ‘ordinary’ type, now 
known as MSI. It cannot be traced back to any specific American strain, 
the original seed having been collected by Messrs. Heatons from a bale 
of lint of ‘. . . the finest Carolina Sea Island cotton’ of 1909. After being 
grown experimentally in Barbados, it was sent to Montserrat, where it 
ultimately proved very valuable. It was steadily improved by selection by 
Robson, and the present-day MSI variety is probably farther removed 
from its prototype in characters of agricultural value than any other West 
Indian Sea Island variety. 

V arieties.—The term ‘variety’ is so loosely used in plant-breeding litera- 
ture that it is desirable to define exactly what is meant in the present 
instance. There are a number of distinct Sea Island strains in existence 
of varying agricultural value. They fall into groups that may be fairly 
readily distinguished by a careful observer. It can generally be shown 
that these groups owe their similarity to a common origin, and it is to 
these groups that the term ‘variety’ may suitably be applied. 

The West Indian strains may be divided into three varieties which can 
be distinguished on their habit, boll-size, and percentage of bolls having 
4-loculi, ginning out-turn, and quality. They are Rivers, Superfine V46, 
and MSI. Detailed descriptions are given below. 

Rivers: Orton [15] described the American Rivers strain as follows: 


‘Plant resistant to wilt, vigorous, compact, pyramidal, branching near the base; 
limbs small, close-jointed, bearing heavily; bolls medium size, three to four lobed; 
seed small, black, well covered; lint 28 per cent.; staple 2 in. long, cream white, 
fully to extra fine. Time of maturity early.’ 


Apart from wilt-resistance, on which there is no recent evidence, this 
description is as valid to-day as in 1904. Typical Rivers plants form two 
or three lateral vegetative branches which grow sufficiently rapidly to 
produce bolls that mature along with those on the main stem (Orton’s 
‘pyramidal habit’). The first fruiting branch is developed at the 8th to 
1oth node. The yield is made up from a large number of comparatively 
small bolls, and these are well distributed on the plant, without any ten- 
dency to develop a considerable crop on the fruiting branches at the top 
of the main stem. The upper sympodial fruiting branches are sometimes 
supplemented by small additional sympodia, each bearing a single boll, 
which spring from extra buds in the axils of the main-stem leaves. Be- 
tween 15 and 30 per cent. of the bolls have 4 loculi, and the rest 3, in all 
typical Rivers strains. The St. Vincent Rivers BD was a high-boll locult 
selection and has about 55 per cent. of 4-loculi bolls. Ginning out-turn 
is between 26 and 29 per cent. and the seed is small. Lint is creamy in 
colour. Two sub-varieties may be distinguished on boll-size and quality: 
Stirling Rivers which bears a large number of small bolls and is super- 
fine or semi-superfine (effective length °%3° in.; standard hair weight 
120-110 X 10° mgm. per cm.); and St. Vincent Rivers, which bears 
rather fewer larger bolls and is ‘ordinary’ (effective length *)% in.; 
standard hair weight 140-120 x 10° mgm. per cm.). 

The diagram (next page) shows the relationships of the strains known 
to have been derived from the 1903-4 introductions of Rivers seed into 
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the West Indies. These strains have all been grown for some years at 
the Cotton Experiment Station, St. Vincent, and their agricultural and 
technological characters, as determined on St. Vincent grown material, 
are summarized in Table 1. 


1903-4 Rivers 
Barbados St. Vincent 
| 
Stirling 
| | | 
Stirling 303 AN BD 
'1915-16 
St. Kitts 342(S) St. Vincent V135 
7 
Fiji 
\. 
St. Kitts 
C.P. strain 
Barbados S(27) OsI 
1930 
Current Nevis Fiji St. Kitts Barbados V135 OsI AN BD 
SI SI ‘Superfine’ SI ‘Superfine’ SI (Type 18 SI) St. Vincent 


‘Ordinary’ SI 


Relationship of West Indian derivatives of Rivers. 


Superfine V46.' The outstanding characteristic of V46 is the strong 
dominance of main-stem growth over lateral development. If lateral 
vegetative branches are formed they are poor and weedy, and their crop, 
if any, is formed only at the very end of the season. By contrast, the 
uppermost sympodia on the main stem carry so many bolls as to con- 
stitute a major factor in crop yield. The first fruiting branch is usually 
formed at nodes 11 or 12. The development of small single-bolled extra- 
fruiting branches in the axils of the upper leaves is very pronounced, 
especially under conditions of high fertility, and adds to the characteristic 
top-crop described above. Boll-size is fair, but rarely more than 5 per 
cent. of the bolls have 4 loculi. Ginning out-turn is from 24 to 26 per cent. 
and the seeds are large. The lint is creamy and superfine in quality. Be- 
sides commercial Superfine V46 the only strains belonging to this variety 
are Sea Island Fuzzy, which is a fuzzy-seeded mutant from it, and Red 
Sea Island, which is a selection from a V46 x red perennial G. barbadense 
var. brastliense hybrid. Summaries of the agricultural and technological 
characteristics of V46 and Sea Island Fuzzy are included in Table 1. 


1 Sold commercially as V135. 
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TABLE 1. Agricultural and Technological Characters of Sea Island 











Cottons 
~ : e\s is ls 
~ | £ | $8! Se lee) Bs) Fs) SE lesa 
S = S35 | SMIBVSZ) SA! wE! SR | SE 
ba © BF! Se SSE Fs] 88 | Se lsat 
2 8 | §8/ Bs liebe BE] Es | SF | see 
Strain Se 2 Ss! G8 Gos! GE| OS! Fo Gee 
Barbados SI - | 100 10°2 17 | 2°53 44 120 | 626°8 62 114 
St. Kitts Super . go 11°8 ° 2°06 35 118 229 60 117 
STIRLING V135 (Type 18) . 82 98 2°27 39 112 25°9 58 115 
RIVERS Nevis SI. ; go 8-4 15 2°17 39 III 26°0 60 120 
Fiji SI ; i 80 g'0 16 2°37 | 46 130 | 2671 62 123 
Russian S1. d 75 113 5 2"10 39 123 24°1 61 119 
- OSI . 5 : 65 8-8 14 2°30 48 122 | 28-2 56 130 
+. See AN . A ‘ 75 9°5 10 2°24 48 112 | 30°0 56 142 
BD . ‘ - 70 10°8 48 2°40 44 132 | 25°0 57 125 
Bleak Hall . ; 80 10°9 13 2°07 39 114 | 25°5 59 121 
cen Seabrook . P 70 11°8 30 2°60 49 137 264 | 55 142 
Gaddis : ; 70 10°4 19 2°27 51 117 | 30°4 53 140 
PuerTO Rico REGULAR. 3 65 10°4 27 2"10 40 104. | 27°8 59 136 
SUPERFINE Superfine V46* . 80 11°8 3 2°40 43 | 126 | 254 | 64 114 
V46 Sea Island Fuzzy 80 YEE 3 2'60 54 190) 22'1 63 117 
MSI MSI . . . 55 II's 38 3°25 61 140 304 57 154 
— Westberry . ‘ 85 90 9 2°20 58 115 33°5 47 156 
WESTBERRY {Sind oe tC« ‘ 70 11°6  j 1°90 48 97 33°0 47 180 
WHITE Andrews . ; 70 10°5 2 2°30 51 121 29°6 51 150 
FLOWER Sea Island White 95 10°0 17 2°50 50 140 =. 263 50 159 





* Sold commercially as V135. 


Hutchinson and Manning [14] have given an account of the breeding 
history of the St. Vincent superfine cotton known as V135. ‘They com- 
pared the modern V46 with the old V135 strain, Type 18, in a replicated 
experiment and showed that the two were significantly different in prac- 
tically every character studied. Type 18, which is known to be a direct 
descendant of Harland’s original selection in a crop of Barbados Sea 
Island, matches Stirling Rivers satisfactorily in every character, as might 
have been expected. V46 is quite different, being unique among West 
Indian Sea Island strains in carrying a heavy top-crop, and having less 
than 10 per cent. of bolls with 4 loculi. Since Hutchinson and Manning 
[14] showed that V46 was practically pure from its first isolation, the 
difference between it and Type 18 cannot be ascribed to hybridization 
during the four years when self-fertilization was not always practised. A 
careful search was therefore made in the records to see whether there 
were any other strains in the St. Vincent breeding-plots from which it 
could have been derived. 

The history of the introduction of Colonel Townsend’s Bleak Hall into 
St. Vincent has been given above. Harland [8] isolated from his BH 
breeding-stocks a ‘single-stalk’ line which appears to have had the plant 
habit characteristic of the modern V46. Both BH and V135 appear to 
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have been maintained in progeny-row-culture, but in the material taken 
over by Evelyn [14] no distinction was made between the superfine lines, 
all being grouped together as V135. Since no other ‘single-stalk’ type is 
known among Superfine Sea Island cottons, it is a fair inference that it 
was from BH ‘single-stalk’ material that Evelyn took his best superfine 
single-plant selection. Current St. Vincent Superfine V46 may therefore 
be regarded as of Bleak Hall extraction, whereas Harland’s Type 18 
(V135) was of Stirling Rivers origin. V135 must now be regarded as a 
trade name under which strains of two distinct varieties have been 
marketed. 


MSI. The Heaton-MSI stock has given rise to the highest yielding | 


Sea Island variety in the West Indies, but its modern representative is of 
rather lower quality than the other two varieties. 


In MSI, main-stem development is strong early in the season, but as_ | 


the crop is set the main axis ceases growth and any further vegetative de- 
velopment is on lateral branches. A heavy crop is usually set on the main- 
axis fruiting branches. The top crop is negligible, and late pickings are 
almost ied to a second crop on the laterals. In consequence of this 
fruiting habit, if the early main-axis crop is lost by pests or diseases or by 
physiological shedding, recovery is confined to the development of the 
second crop on the laterals. The first fruiting branch is formed at about 
nodes 11-12. Extra single-bolled fruiting branches at the upper nodes 
have not been recorded. The bolls are large with prominent shoulders 
[16] and 30-50 per cent. have 4 loculi. Yield depends primarily on boll- 
size, and the number of bolls is lower than in the other varieties. Ginning 
out-turn is from 29-33 per cent. and the seeds are comparatively large. 
MSI has the greatest number of seeds per boll and the highest lint index 
(lint per seed) of all Sea Island cottons. The lint is bright, almost wiiite 
and of excellent quality, though not so long or fine as that of the present 
commercial representatives of Rivers and Superfine V46. The agri- 
cultural and technological characteristics of MSI are summarized in 
Table 1. 

The breeding history of MSI shows the extent to which agricultural 
characters can be changed by selection. It appears that when it was first 
received Heaton was within the range of variation of Rivers [17], but 
from its introduction into Montserrat in 1909 a consistent breeding 
policy has been maintained which has resulted in a large improvement in 
seed-cotton characters. W. Robson, Curator, Agricultural Department, 
Montserrat, who, with Harland’s advice, developed MSI in its present 
form, placed the greatest emphasis on yield, and concluded that he could 
get the largest yield-increment by selecting for high seed-cotton per boll 
and high lint per seed [18]. Nevertheless, he was always conscious of the 
risk of getting a coarse type by selecting for high lint per seed, and was 
careful to maintain in his cultures the lines receiving the highest com- 
mendation from the brokers. Later workers dispensed with brokers’ 
valuations, and Robson’s best quality lines were abandoned on account of 
their rather lower yield [19]. ‘The policy of breeding primarily for yield 
has been abundantly justified. Not only has the highest-yielding Sea 
Island variety in the West Indies been built up, but such sacrifices in 
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quality as have been made have been small, and the bright showy 1-in. 
cotton produced has proved very acceptable to the trade. 

There remain for consideration seven American Sea Island strains. 
Three of them, Bleak Hall, Seabrook, and Gaddis, are within the range 
of West Indian Rivers and are classified as American Rivers in Table r. 
Bleak Hall is superfine in technological characters, and in this it resembles 
the best of the Stirling Rivers. The bolls are larger than is usual in Stir- 
ling Rivers and more like those of St. Vincent Rivers. Seabrook is very 
similar to St. Vincent Rivers. It resembles BD in having a larger pro- 
portion of bolls with 4 loculi than AN and OSI. Bleak Hall and Seabrook 
are old-established strains, but the current American stocks were col- 
lected in the early 1920’s after interest in Sea Island cotton had waned, 
and they may not be typical of the highly selected strains of the same 
names grown in the early years of the present century. Gaddis is also of 
the St. Vincent Rivers type, but it has very short and coarse lint. None 
of these cottons has as much monopodial development as West Indian 
Rivers. 

The remaining three strains are sufficiently distinct to be regarded as 
separate varieties. The first is Puerto Rico Regular, which is a tall plant 
with little monopodial development, but without the heavy top-crop and 
extra single-bolled sympodia at the upper nodes, characteristic of V46; 
25-30 per cent. of the bolls have 4 loculi. Ginning out-turn is about 26 
per cent. and the seeds are very small. The lint is of ‘ordinary’ quality 
and bright in colour. 

The second variety is Westberry, with which may be classed Sind Sea 
Island, an American Sea Island strain acclimatized in Sind [20]. ‘These 
two strains produce very short plants. In St. Vincent Westberry pro- 
duces very few vegetative branches and Sind Sea Island practically none. 
In Sind, however, Sind Sea Island is reported to be ‘tall, erect and bushy 
having several monopodial branches’. No extra single-bolled sympodia 
are produced. Ten per cent. of the bolls, or less, have 4 loculi. Ginning 
out-turn is high (about 33 per cent.) and the seeds are very small. The 
lint is very short, creamy in colour, and below the standard of West 
Indian ‘ordinary’ in quality. 

The American Andrews strain resembles the St. Vincent Sea Island 
White. Both have very pale flowers in contrast to the yellow flowers of 
all other Sea Island varieties. They are of medium height, with little 
effective development of lateral branches and no extra single-bolled sym- 
podia. Bolls with 4 loculi are very rare in Andrews, but contribute up to 
20 per cent. of the total in Sea Island White. Ginning out-turn is from 
26 to 30 per cent. and seed-weight is medium. The lint is very short, 
white in colour, and below the standard of West Indian ‘ordinary’. 

For convenience of comparison the characteristic features of the Sea 
Island varieties are annexed in tabular form (p. 88). 


Discussion 
The Sea Island varieties are the world’s longest and finest cottons. 


Market requirements in grade, staple, and uniformity are more exact- 
ing than for any other class of cotton, and the picking and preparation 
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of the crop for sale is consequently a skilled business. The most difh- 
cult requirement to fulfil is uniformity, and Sea Island cotton planters 
very early discovered that for uniformity they are dependent upon the 
selection of the planting seed. The importance to American Sea Island 
of the selection work of the best planters is evident to all who read the 
records of the industry at the end of the nineteenth century, and the im- 
perative need for similar work in the West Indies, if quality and agri- 
cultural type were to be maintained, was recognized as soon as shipments 
of seed from the Sea Islands ceased. The history of West Indian Sea 
Island cotton contains many examples of degeneration, accompanied by 
complaints from buyers and loss of markets, following a relaxation of the 
supervision of the seed supply. In recent years Government control of 
the supply of planting seed has been established in all islands in the 
British West Indies, and the only crop now grown from an uncontrolled 
seed supply is that of Puerto Rico. In the British islands the entire crop 
is produced from carefully bred pedigree seed, none of which is more 
than four generations from the plant-breeder’s progeny rows. Before the 
establishment of a controlled seed supply many planters did their own 
mass selection, and the best men were able to establish a valuable reputa- 
tion for their estate ‘marks’. The general run of the crop, however, rapidly 
deteriorated unless replaced by seed from the best estates, and this de- 
terioration was the result of the increase in the crop of plants with a very 
low proportion of lint to seed, white-flowered rogues, and plants with a 
tall much-branched, late-flowering habit reminiscent of the perennial 
G. barbadense stocks from which Sea Island must have come. Most of 
these ‘off types’ are of low quality, and some of them are high yielding, as 
for example Sea Island White, which is below the normal Sea Island 
quality-range and has given the highest yields in variety trials in St. 
Vincent. Others, such as the naked seeded rogues, i.e. types lacking the 
small tuft of fuzz at the tip of the seed, are worthless on account of their 
low-ginning out-turn, but increase in an unselected crop by virtue of 
their high seed-production. Similarly, before the spread of pink boll- 
worm made success in Sea Island cotton-growing dependent on early 
cropping, the semi-perennial rogues had the advantage of cropping 
heavily late in the season when the earlier typical Sea Island cottons were 
almost finished, and consequently contributed disproportionately to the 
following crop whenever seed from the later pickings was reserved for 
planting. Some of these rogues may have been the result of hybridiza- 
tion with native perennials, followed by repeated backcrossing to Sea 
Island, but most of them can be accounted for by segregation in the 
variable Sea Island population that was first introduced into the West 
Indies. Their rate of increase in the unselected crop may be regarded as 
a measure of the extent of the divergence between the type established by 
human selection and what would be developed if natural selective forces 
were not controlled. 

All these ‘rogue’ types disappeared with the establishment of a con- 
trolled seed supply, but there remain a few mutant types that occur 
rarely but persistently in pedigree stocks. Those best known are ‘man 
cotton’, which is a haploid, ‘crinkled dwarf’ and ‘contorta’, which are 








go J. B. HUTCHINSON AND H. L. MANNING 


deleterious single-gene mutants and are allelomorphic to each other [21], 
‘semi-sterile’, which is a single-gene pollen lethal, and ‘fuzzy seed’ and 
‘naked seed’, which are single-gene mutants that are not deleterious 
except in so far as they interfere with the suitability of the variety for 
man’s requirements. ‘l'o the breeder who is aware of their nature these 
rare mutants are of no importance, but though major mutants can be 
readily eliminated, those of small effect will escape notice and gradually 
accumulate a store of genetic variability in even the purest material. The 
breeder must therefore devote unremitting attention to his pedigree 
lines if he is to maintain the very high standard of purity necessary 
to meet successfully the demands of the trade for the highest quality 
cottons. 

Little information is available on the breeding history of American Sea 
Island. Fifty years ago Rivers’s selections undoubtedly marked a great 
advance. Seabrook was developed from the Rivers stock [22], and is still 
within the Rivers range. Though nothing is known of the origin of 
Colonel ‘Townsend’s Bleak Hall, current Bleak Hall when grown in St. 


Vincent is of the Rivers type. That other stocks existed, and have per- 


sisted to the present day, is indicated by the occurrence of the West- 
berry-Sind Sea Island and Andrews-Sea Island White varieties, and 
the wide variation in morphological and agricultural characters to be 
found in a Sea Island crop grown for some years without pedigree 
selection shows that the Sea Island cottons are by no means limited 
to the comparatively narrow range of the Rivers type. It is from such 
a variable crop, said to be descended from introductions of Heaton— 
MSI and St. Vincent Rivers seed, that Puerto Rico Regular has been 
isolated. 

The persistence of the type, then, must be ascribed to the careful pedi- 
gree breeding necessary to maintain high-quality strains. So far as is 
known, none of the officers of the Imperial Department of Agriculture 
consciously selected for the maintenance of the essential Rivers charac- 
ters. Nevertheless, having but little experience of the crop when the 
Carolina growers put an embargo on the export of seed, they naturally 
concentrated on maintaining the vegetative and seed-cotton characters 
of the original introductions. The fruit of their labours is seen in the 
close adherence of the majority of West Indian strains to the Rivers 
characteristics. 

About 1916 Harland began introducing new ideas on the methods and 
scope of plant-breeding and set to work in St. Vincent, and, with Rob- 
son’s co-operation, in Montserrat, to build up superior strains by care- 
fully planned selection. One achievement was the selection from St. Vin- 
cent Rivers of the BD strain with a high proportion of bolls with 4 loculi. 
A more important one was the isolation of a ‘single-stalk’ type in Bleak 
Hall. If it is a fair inference that this was the progenitor of Superfine 
V46, the distinction between the latter and the Rivers type may be as- 
cribed to his selection work. Finally, the greatest breeding achievement 
in West Indian Sea Island was the isolation of MSI, the credit for which 
Harland and Robson share. 

The value of Harland’s breeding work to the West Indian Sea Island 
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industry may be judged by the proportion of the crop contributed by the 
varieties now in commercial cultivation. Taking the four seasons 1939- 
40 to 1942-3, MSI was grown throughout the Leeward Islands and con- 
tributed 77 per cent. of the lint produced. Superfine V46 grown in St. 
Vincent yielded 21 per cent. of the production, and a Stirling Rivers 
selection (BSI) grown in Barbados gave the remaining 2 per cent. At the 
present time, therefore, 98 per cent. of the crop is produced from two 
varieties bred under Harland’s supervision, and the Rivers stocks on 
which the West Indian crop was established have practically gone out of 
cultivation. 

The bearing of the varietal classification on future breeding policy may 
now be considered. Harland [23] has demonstrated the extent to which 
the development of the MSI variety depended on the patient accumula- 
tion of small increments by selection in comparatively homogeneous 
material. There appears to be a limit to progress on such lines, and Hut- 
chinson and Manning [14] have shown that even with more sensitive 
breeding methods than were available to Harland and Robson, no further 
progress is to be expected from selection in V46. Furthermore, since the 
rate of change under selection is proportional to the amount of genetic 
variability in the stock, it is well worth while choosing highly variable 
material when undertaking a crop-improvement programme. Highly 
variable material is available in the commercial crop of Puerto Rico, but 
no longer exists in any other West Indian or American stocks. Useful vari- 
ability for selection work can best be obtained by hybridization. For this 
purpose intervarietal crosses will naturally be superior to interstrain 
crosses, and from the varietal descriptions given above it will be evident 
that the best material is likely to be obtained by crossing in pairs the 
three important West Indian varieties, Superfine V46, MSI, and Rivers. 
American strains offer no advantage over West Indian types, as the better 
ones are all within the range of West Indian Rivers. 

The cross V46 x MSI has already been studied extensively in St. Vin- 
cent, and superfine strains known as VH have been extracted with 
various combinations of boll-size and habit characters. The only limit to 
free re-combination so far discovered is that imposed by the physiologi- 
cal impossibility of combining the maximum weight of lint per seed with 
the low hair-weight necessary for superfine quality. Further limitations 
to free character re-combination will no doubt be found as knowledge of 
breeding behaviour is increased. ‘The combination of low boll-number 
with high boll-weight in MSI is probably not fortuitous, and it is evident 
that there must be a point at which further increase in the one can only 
be at the expense of the other. Apart from such obvious physiological 
limitations as these, all the available information from both the early 
selection work and the more recent selection in hybrid stocks goes to 
show that changes in one character in response to selection have caused 
little or no alteration in others. There is therefore good reason to believe 
that the limit in the combination of desirable characters has not yet 

been reached, and further advantages may still be gained from care- 
fully planned selection in intervarietal hybrids within the Sea Island 
cottons. 
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THE MINOR ELEMENTS OF COMMON HEATHER 
(CALLUNA VULGARIS) 


BRYNMOR THOMAS, J. R. ESCRITT, AND N. TRINDER 
(King’s College, Newcastle-on-Tyne) 


THE physiological implications of mineral deficiencies in fodders have 
received much attention in recent years, and some animal diseases, pre- 
valent more especially in Australasia, where they occasion serious annual 
loss, are now attributed to deficiencies of the so-called ‘trace’ or minor 
elements. Reference need be made here only to ‘Coast disease’ in South 
Australia, ‘bush sickness’ in New Zealand, and ‘enzootic marasmus’ in 
Western Australia, all of which have been attributed to cobalt deficiency, 
and to ‘enzootic ataxia’ in Western Australia, a disease which coincides 
with a low copper status. 

The suspicion that minor-element deficiencies are concerned in the 
causation of certain diseases of British live stock has only recently arisen, 
and in no one of these diseases is there complete agreement that the minor 
element which may be concerned is the main factor. The disease of hill 
sheep variously known as ‘Border pine’, ‘dwindling’, and ‘vinquish’ is 
very widely prevalent, being well known in Dartmoor, in Wales, and on 
the Borders. Corner and Smith [1], Patterson [2], and Stewart, Mitchell, 
and Stewart [3], appear to regard cobalt deficiency as the prime factor. 
Lyle Stewart and Ponsford [4] obtained results which did not support 
this view; they do not, however, exclude the possibility that cobalt de- 
ficiency may impair initial resistance to worm infestation and so be a 
factor in the complex aetiology of this disease. ‘Swayback’, a disease of 
both hill and lowland sheep, is more localized in its incidence, and is 
responsible for heavy losses in certain areas, as in Derbyshire. The 
similarity of ‘Swayback’ to ‘enzootic ataxia’ led Bennetts and Chapman 
[5] to suggest that the former might also be due to copper deficiency. The 
position is somewhat obscure, and it has not been established that a de- 
ficiency in the fodder is responsible. Innes [6] has stated that the herbage 
and soils from affected areas show normal copper-content, but that ewes 
producing ‘swayback’ lambs have a low blood-copper. 

It is more difficult to obtain evidence of minor-element deficiency on 
lowland pastures, although Lyle Stewart and Crofton [7] have found the 
administration of a ‘shot gun’ mixture containing the salts of cobalt, 
manganese, copper, iron, and iodine gave improved live-weight in- 
creases in lambs on certain good feeding pastures in Northumberland. 
It is suggested that many pastures, which have been greatly improved by 
the application of basic slag, but which actually fail to carry more sheep, 
and, in fact, show a higher incidence of unthriftiness, acquire an ill- 
balance in respect of the mineral content of the herbage that militates 
against maximum thriving. 

On the whole there appears to be more evidence of the responsibility 
of minor-element deficiency for disease causation on hill ground than on 


lowland swards. Much material from other investigations into the com- 
3988.50 H 





94 BRYNMOR THOMAS, J. R. ESCRITT, AND N. TRINDER 


position and feeding-value of common moorland species was available to 
the authors, who felt that it would provide information on minor- 
element status which might prove of owe to veterinarians interested in 
deficiency diseases. The data presented in this paper refer only to the 
common Heather or Ling (Calluna vulgaris), one of the commonest and 
certainly one of the most valuable of moorland plants. 

Materials.—Heather samples were obtained on the farm of Newbiggin, 
near Blanchland in Northumberland, from heather moor, which has 
already been described by one of the authors [8]. Strips of heather which 
had been burned 2, 4, 6, 8, and 10 years previously were selected, and 
samples secured from each by bulking random cuttings taken within a 
radius of 12 yds. from a central marking post. Cuttings were taken in 
June, July, August, and October 1937. Another series of samples was 
obtained in September of the same year from manurial plots that had 
been laid down 3 years previously on heather burned in March 1933. 
These plots, which were in triplicate, had received the following manurial 
treatments: 5 tons per acre ground limestone; 12 cwt. per acre North 
African phosphate; 12 cwt. per acre North African phosphate with, in 
addition, 3 cwt. per acre sulphate of potash; and no treatment. Samples 
obtained by bulking random cuttings from replicates were packed in seed- 
bags for conveyance to the laboratory. The possibility of contamination 
by soil was considered to be remote. 

Samples of pasture grass were taken from the Tree Field Plots at 
Cockle Park, Northumberland, which have been under different manurial 
treatment since 1896 and have long showed marked differences in the 
botanical character, chemical constitution, and grazing value of the 
swards. The following plots, which are considered to be the most 
interesting of the series, were sampled: 


Plot Treatment per acre 


1. 300 lb. high-protein concentrates fed to sheep annually. 

5 cwt. basic slag every third year. 

73 cwt. superphosphate every third year. 

None. 

. Basic slag as on Plot 4, with 100 lb. muriate of potash every third year. 
. Basic slag as on Plot 4, with 1 ton lime every third year. 

. Basic slag as on Plot 4, with 1 cwt. nitrate of soda every third year. 


SWAN + 


Although there have been slight modifications from time to time, the 
treatments have remained substantially unaltered since the experiment 
was laid down. 

Three cutting areas, each 2 yds. square, were taken at random on each 
plot, and cleared with heavy shears on August 6, 1938. The plots being 
unstocked at this time, it was unnecessary to fence the cutting areas. An 
unusually dry autumn resulted in such poor growth that adequate 
samples could not be obtained until October 5, on which date the grass 
was cut to within } in. of the ground with scissors. Every possible care 
was taken to ensure freedom from soil contamination, any contact with 
the ground being avoided. It had been hoped to leave a longer stubble 
as further insurance against possible contamination, but circumstances 
would not allow of it; in view of the dry conditions which had prevailed, 
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and the consequent absence of splashing, it was thought that 4 in. of 
stubble constituted a reasonable safeguard against inclusion of soil. The 
grass was transferred immediately to paper-lined tins for conveyance to 
the laboratory. 

Methods.—On arrival at the laboratory heather samples were air-dried 
and the edible fractions separated by hand-picking. Grass samples were 
placed in paper-lined rectangular tins and dried for 24 hrs. in an electric 
oven maintained at 100° C. All samples were ground in a power-mill 
prior to analysis. It was realized that the use of a mill introduced the 
possibility of contamination, but as the investigation was concerned 
primarily with comparative values, the advantages of milling were 
allowed to outweigh other considerations. 

The usual methods were employed for the determination of crude ash 
and silica, silica-free ash being obtained by difference. For magnesium, 
potassium, manganese, chlorine, and iron, the methods recommended 
in a communication of the Imperial Bureau of Animal Nutrition [9] were 
adopted with minor modifications in technique. Methods essentially 
similar to those suggested in the above communication were used for 
determining calcium and phosphorus. The figures for sodium were 
obtained by the magnesium-uranyl-acetate method. Copper was deter- 
mined colorimetrically, using the ashing technique employed for iron, 
and then following the procedure recommended by Haddock and Evers 
[10]. For cobalt, McNaught’s [11] modification of Stare and Elvehjem’s 
[12] method was adopted, the original being found insufficiently sensitive 
or the material under examination. For total sulphur, the Eschka 
method was used, and for inorganic sulphur the method of Woodman 
and Evans [13]. Organic sulphur was obtained by difference. 


Results 


Although the authors are concerned here with certain of the ash con- 
stituents only, it has been considered desirable to show the percentages of 
all the major constituents present. Sodium, chlorine, and sulphur can 
scarcely be classed as ‘trace’ elements, yet they may fairly be considered 
as ‘minor’ elements. Magnesium, properly one of the major components 
of the ash, is discussed in view of the uncertainty which at present exists 
concerning its physiological significance, and the part which it may play 
in certain animal diseases now under investigation. 

An inspection of the results in Table 1 shows that, as the season 
advances, there is a fairly consistent fall in the amounts of certain of the 
minor elements contained in the edible parts of heather. This fall is most 
evident in chlorine, sulphur, and manganese, and occurs, but with rather 
less consistency, in the iron. The general trend is reflected in the figures 
for silica-free ash. Sodium alone shows a definite rise during the growing 
season, and this occurs at all ages. Magnesium and copper show no 
marked variation in either direction. 

There is little to indicate that age (time elapsed since burning) has any 
appreciable effect on minor-element content, and there is in fact little 
reason to expect such effect, as the samples were constituted entirely of 
foliage of not more than 2 years’ growth. The amount of cobalt present 
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at 2 years is substantially greater than at any time thereafter, but further 
confirmation of this would be desirable. 

In brief, the minor-element content of that part of the heather plant 
which is eaten by sheep is unaffected by age, but in general declines as 
the season advances. 

The application of lime and fertilizers (Table 2), although without 
apparent effect on the content of silica-free ash, has affected the uptake of 
certain of the minor ash-constituents. Such differences in uptake are 
more especially marked on the limed plots, where the samples contain 
less magnesium, chlorine, inorganic sulphur, and manganese. The im- 
mobilization of soil manganese, following the application of lime to soils 
of high organic-matter content, is well known, and is frequently mani- 
fested on cultivated land as the chlorosis known as ‘grey speck’ of oats. 
There are some indications that the use of a potash fertilizer has reduced 
the absorption of both iron and cobalt. Sodium and copper have been 
unaffected by lime or fertilizers, whilst organic sulphur has shown an 
increase under all treatments. This latter fact could possibly be accounted 
for if it had been shown that treatment resulted in an increased protein- 
content; the protein figures (which are not shown) indicated no such 
increase. 

The pasture-grass samples to which the results shown in Table 3 
refer were intended to provide standards against which the useful- 
ness of Common Heather, as a source of the minor elements, could be 
assessed. 

These results show that Plot 6 Tree Field (untreated) has produced 
grass which, with some exceptions, differs little from heather in respect 
of minor-element content. ‘The grass contains a good deal more inor- 
ganic sulphur and chlorine, whilst heather has rather more manganese 
and copper, and substantially more magnesium and cobalt. 

The application of a phosphatic fertilizer (basic slag) has resulted in 
differences which are more numerous and more marked. On Plot 4 the 
grass is — in sodium, chlorine, and sulphur, both organic and 
inorganic, but much less well provided with iron, manganese, copper, 
magnesium, and cobalt. 

The application of lime, in addition to basic slag, has brought about 
certain further differences, the sodium-content of the grass being further 
increased, and the magnesium and cobalt raised to levels comparable 
with those in heather. On the other hand, there has been a marked 
reduction in the manganese-content of the grass. The superiority of 
heather in iron and copper is maintained. 

Other manurial treatments, viz. the addition of a potash or nitrogenous 
fertilizer to basic slag, the use of superphosphate as a phosphatic dress- 
ing and the cake-feeding of — have had about the same effects on 
minor-element content as those which have been considered. In general, 
the grass remains inferior to heather in iron, manganese, copper, and 
cobalt. It may be noted, however, that treatments which tend to induce 
or aggravate an acid soil-reaction have had the effect of raising the man- 
ganese status of the grass, although not to the level of that found in 
heather. Thomas and Elliott [14] have shown that the soil from Plots 1, 
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5, 7, and 9, has a lower pH value and/or a lower exchangeable calcium- 
content than Plots 4 and 8. 

Even though it is incidental to the main purpose of this investigation, 
it is interesting to consider whether manurial treatment has had the 
same effects on grass as it was shown to have on heather. Liming reduced 
the uptake of magnesium, chlorine, inorganic sulphur, and manganese in 
heather, but exerted a similar effect on chlorine and manganese only in 
grass. It should be remembered, however, that these results are not 
strictly comparable, as lime was applied alone to the heather, and in con- 
junction with basic slag to the grass. The application of a potash fer- 
tilizer in addition to a phosphatic has had the same effect in each case, 
iron and cobalt absorption being reduced. 

The data discussed in the foregoing paragraphs suggest certain in- 
teresting implications that may be of some practical importance. It 
appears that the heather fell provides iron, manganese, copper, and 
cobalt in relative abundance, and it is noteworthy that all of these ele- 
ments are believed—rightly or wrongly—to be associated with one or 
other deficiency disease. ‘The value which is attached by experienced 
sheep men to the possession of good heather, and their pa se, potesoniv 
tion that a mixed fell constitutes the very best type of hill land may, 
therefore, have a sound basis in fact. Modern improvers seem to attach 
little or no importance to heather as a sheep feed, and the methods which 
they have employed tend to its replacement by a grassy sward. Such 
‘improvement’ inevitably results in a decrease in the amounts of iron, 
manganese, and copper, and possibly in the amount of cobalt available 
to grazing stock. In general, the more closely the new sward approaches 
the ideal of the lowland farmer, the more acute is the decline likely to be. 
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THE HYBRID CORN INDUSTRY IN ONTARIO: 
PATHOLOGICAL AND OTHER PROBLEMS 
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WITH PLATES I, 2, 3 


History and Development 


THE corn (maize) plant is indigenous to the western hemisphere and 
consequently was unknown to other parts of the world until the cross- 
ing of the Atlantic by Columbus. Subsequently, the white explorers, as 
they penetrated the continent more and more deeply, found that every- 
where the corn plant was grown and highly valued as a food by the 
natives. Seed was taken back to Europe by sailors, and to-day corn is 
grown in many parts of the world. In Canada corn production is 
greatest in south-western Ontario and southern Manitoba. These two 
regions are actually extensions of the great United States corn-belt that 
includes Indiana, Illinois, lowa, Ohio, Nebraska, Wisconsin, Minnesota, 
and the Dakotas. Of late years approximately 75 per cent. of the total 
acreage of corn in the Dominion has been concentrated in Ontario and 
14 per cent. in Manitoba. The acreage of corn in Quebec comprises 
about 8 per cent. of the total in Canada, and all other provinces contri- 
bute the remaining 3 per cent. 

In Ontario the growing of corn for grain is now largely confined to 
the extreme south-western end of the province in Essex, Kent, Lambton, 
Elgin, and Middlesex counties. The two counties of Essex and Kent 
account for about one-third of the total corn acreage in Ontario and 65 
per cent. of the husking corn grown in the province. Before 1939 almost 
the entire acreage was devoted to the use of open-pollinated varieties, 
which consisted of numerous strains of different maturity groups. 
Development and improvement of varieties rested largely with the 
experimental stations and agricultural colleges, though many of the corn- 
growers in the seed-producing area were responsible for the improve- 
ment and development of strains through selection. 

Before 1939 the Dominion Experimental Station, Harrow, maintained 
some demonstration plots of hybrids imported from the U.S.A. in which 
many growers showed considerable interest. By 1939 a few local corn- 
growers began producing hybrid seed on their own farms, all crossing 
stock for which was imported, as was also a considerable quantity of 
hybrid seed, from the States. Some of the larger American seed firms 
then canvassed the Ontario districts and sold numerous small lots of 
hybrid seed. Most of the growers who planted trial plots in 1939 were 


' Contribution No. 776 from the Division of Botany and Plant Pathology, Science 
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won over to the superiority of the hybrid strains and expanded their 
acreages the following year. The total Ontario corn crop in 1942 
amounted to more than 13 million bushels of grain and more than 3 
million tons of ensilage (total value $21,700,000). By 1941 the demand 
for hybrid seed in the grain-producing area of Ontario was tremendous, 
and that year approximately 75 per cent. of the acreage in Essex and 
Kent counties was devoted to hybrids. In the same year about 60,000 
bushels of hybrid seed were produced, an amount sufficient to plant 
360,000 acres. In 1942 more than 8o per cent. of the entire corn acreage 
in the Ontario husking-corn belt was planted to hybrids, and in 1943 the 
percentage was still higher. 

The foregoing paragraphs afford evidence of the radical and extremely 
rapid conversion from the use of open-pollinated varieties to the almost 
complete adoption of hybrid strains in the most important corn-growing 
area of Ontario. Tests conducted by both federal and provincial agri- 
cultural institutions had, of course, demonstrated greatly increased yields 
from the better hybrids as compared with open-pollinated varieties. 
Increased yield, however, was not the only manifestation of superiority 
of the hybrids. Lodging of corn (Fig. 11, Pl. 2) had always been a 
problem in south-western Ontario during periods of wind and rain. 
Owing to their sturdier stalks hybrid strains resist lodging to a much 
greater extent than open-pollinated varieties. The fact that a hybrid 
strain produces its ears at a uniform height on the stalk is also a great 
advantage in harvesting. This is particularly important of late years 
when mechanical corn-pickers have become more and more widely used. 
The stronger stalks of more suitably adapted hybrids also result in 
greater ability to withstand corn-borer attack. For making ensilage 
the tendency for the stalks of the better hybrids to remain green 
after the ears have reached the ‘glazed’ stage of maturity is of distinct 
advantage. 

Owing to the wide variations among hybrids as to plant-character, 
regional adaptability, disease-resistance, &c., it was necessary to test the 
response of a great many hybrids to different localities. ‘The importance 
of regional adaptability was early recognized. There was a desire on 
the part of the grower to use the later-maturing hybrids because of their 
slightly higher yielding capacity. In general, however, this has proved 
to be a dangerous practice, since in abnormal seasons growers of late 
hybrids may sustain serious loss from the killing effect of early frosts, 
from the damage resulting from attack by ear-rotting fungi, or they 
may obtain grain of low quality due to relatively high moisture- 
content. 


Breeding Programme in Ontario 


The present list of hybrids recommended for Ontario include only 
those originating in the U.S.A. Practically all of them have been de- 
veloped in the northern tier of States adjacent to Canada, as it is from 
this region that hybrids adapted to Ontario conditions are likely to be 
found. Some years ago, when the possibilities of hybrid corn in Ontario 
were first visualized, the Dominion Experimental Station at Harrow 

















102 L. W. KOCH AND H. F. MURWIN 


realized that the ultimate solution of the corn-growing problem must 
lie in the development of hybrids adapted to Ontario conditions. A corn- 
breeding project was begun, therefore, in 1923, and a start was made in 
the production of inbred lines. This programme of breeding was greatly 
enlarged and intensified in 1938, and was designed to develop hybrids 
adapted for grain and ensilage production in the various soil and climatic 
zones of Ontario. 

Since incidence of disease with attendant loss has almost invariably 
been a factor of economic importance in the production of most crops, 
including corn, and since in Ontario growers of open-pollinated varieties 
had periodically sustained serious losses from disease, particularly ear- 
and stalk-rots, it was realized that pathological studies must of necessity 
be integrated with the breeding-programme. Otherwise it was felt that 
hybrids might be developed which, though highly satisfactory from the 
commercial standpoint, might nevertheless prove to be extremely 
susceptible to attack by disease. Plant-breeders at Harrow began their 
task by testing imported hybrids for response and adaptability to 
Ontario regional requirements. This phase of work has now lasted for 
5 years, and is likely to be continued for a considerable time. After 
demonstration of the satisfactory adaptability of certain of the imported 
hybrids, the State of Wisconsin, which hitherto had supplied much of 
the breeding stock, prohibited the sale of crossing stocks to all out-of- 
state producers, and thus closed that source of parental material to 
Cannilen producers. In order that local producers could continue to 
produce hybrid seed of Wisconsin strains, a co-operative plan involving 
the Dominion Experimental Station, Harrow, and the Provincial Ex- 
perimental Farm, Ridgetown, was adopted. The responsibility for main- 
taining and multiplying the inbred lines was accepted by the Hariow 
Station, and the resultant inbred seed delegated to the Ridgetown Farm, 
this institution being responsible for making the first crosses. In turn, 
seed of the first cross is sold to producers who make the second crosses 
and sell the commercial seed from these crosses to corn-growers. Under 
this arrangement Canadian-produced seed of Wisconsin hybrids is 
simply designated “Canada 606’ for example, instead of ‘Wisconsin 606’. 

he main object of the corn-breeding programme at Harrow is, how- 
ever, to develop new and better hybrids. This has involved the successive 
inbreeding of selected lines for at least six generations by selfing, during 
which 6-year period the lines are subjected to detailed study and only 
the most promising are retained. After the inbred lines have become 
stabilized the breeding-work advances to the second step, in which the 
inbred lines are paired in all possible combinations. Inbreds from out- 
side sources are also used in these combinations. In the third step the 
single crosses are combined to make as many double crosses as possible. 
The fourth and final step is the thorough testing of the new hybrids. 
From the foregoing it will be seen that usually 10 years are required to 
produce a new hybrid. A great many experimental hybrids have been 
produced to date by the Harrow Experimental Station, but only those 
which compare favourably with or excel existing commercial hybrids 
are regarded as important. 
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The Disease Problem 


Fundamentally, disease-resistance in hybrid strains is quite different 
from resistance in open-pollinated varieties, the reason being that the 
latter always consist of populations of plants differing genetically among 
themselves in agronomic characteristics, in reaction to environment, and 
in resistance to disease. On the other hand, any hybrid developed as 
outlined above comprises individual plants all genetically similar and all 
manifesting uniform characteristics (Fig. 8, Pl. 2). Thus, whereas differ- 
ent open-pollinated corn plants will naturally respond differently to a 
specific disease, plants of a given hybrid will react uniformly to that 
disease, i.e. all plants of a hybrid strain will be uniformly resistant or 
uniformly susceptible, depending on the genetic constitution and inherent 
characters of the hybrid. 

In the actual production of hybrid-corn seed very little control can 
be exercised over the inherent disease-resistance or susceptibility of any 
given strain. Its resistance depends entirely on the few plant-breeders 
and other workers concerned in the development of the given hybrid. 
On the other hand, in the case of open-pollinated varieties every grower 
who selects seed may contribute to their inherent disease-resistance by 
discarding all diseased ears at harvesting time. At the same time it 
should be mentioned that the producer of hybrid seed-corn can play 
an important role in the production of healthy seed by discarding diseased 
and otherwise undesirable ears, by properly drying and grading his seed, 
by handling it in such a manner as to reduce seed-coat injury to a 
minimum, and by treating it with a recommended fungicide. 

The hybrid-corn industry is still of such recent date in Ontario that 
a completely accurate picture of the disease situation has not been 
obtained. In fact, such knowledge is sure to be incomplete for some 
years at least, until the hybrids and regions of their adaptability have 
become more stabilized. However, it has been clear from the outset 
that the responsibility of the pathologists lay in the determination of 
the relative resistance of the different commercial hybrids being grown 
to ear-rots, stalk-rots, and other diseases of economic importance. In 
addition, the resistance of all parental stock used in the breeding pro- 
gramme, both inbreds and single crosses, had to be determined. Before 
any of this information could be obtained, however, such a programme 
necessitated not only an accurate knowledge of the important diseases 
that might be encountered, but also correct methods and time of inocula- 
tion, in order that results and their interpretation could be relied upon. 

Careful surveys for several years before and concurrently with the 
introduction of hybrid corn to south-western Ontario indicated that 
seedling blights, ear-rots, root-rots, and stalk-rots must each be con- 
sidered as potential threats to the corn crop during certain seasons. 
With the information obtained from these surveys it seemed apparent 
that at least the following pathogens should be considered: Diplodia zeae 
(Schw.) Lev., Gibberella zeae (Schw.) Petch, Fusarium moniliforme Sheld., 
and Nigrospora sphaerica (Sacc.) Mason. All four organisms have been 
reported as causing both ear- and stalk-rotting symptoms. 
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From the point of view of causal relationships the terms ear-rots, root- 
rots, and stall -rots are inclusive, but from that of symptomatology they 
have quite definite meanings and involve either ears, root-systems, or 
stalks, as the case may be. The term stalk-rot has reference to stalk- 
breaking below the ear. The resultant lodging is readily distinguishable 
from that caused by root-rots or poor anchorage. 

During the past three years more than 6,000 tests have been made in 
an attempt to determine not only the best method but also the correct 
time of inoculation to ensure most consistent results. The technique 
finally adopted consisted of puncturing the internode of the stalk at a 
point about 1 ft. above the ground line with a coarse, blunt wire. Inocu- 
lum consisting of 10 c.c. of a spore.and mycelial suspension of the re- 
spective pathogens in sterile water was injected into the wound by means 
of a hypodermic syringe. Usually three series of inoculations were made: 
one during July, when the corn was beginning to produce ears; another 
about the middle of August, about the early silking stage; and a last one 
early in September during the milk stage. 

As for the importance of the stage of host inoculation, the most out- 
standing result proved to be the fact that in the latest series of seasonal 
inoculations the organism Diplodia zeae, after an elapsed period of only 
about 2 weeks, consistently caused much more (up to 5 times) injury 
than in the earlier series, despite the much longer interval. 


Seedling diseases 


Generally speaking, seedling diseases are the most important of all 
corn diseases in Ontario, though their importance and extent vary widely 
from year to year. This variation is mostly due to the climatic conditions 
that prevail immediately after planting, though inherent varietal resis- 
tance and degree of seed-infestation are also important. These troubles 
are most destructive when the weather after planting is cold and wet. 
Under such conditions the seed is attacked by pathogenic organisms 
either before or during germination. 

Under Ontario conditions [1] species of Pythium, Helminthosporium, 
and Fusarium appear to be especially destructive. Richardson states that 
these organisms cause a decrease in stand by pre-emergence killing and 
dwarfing of the plants. It is likely that other organisms including 
Penicillium and Aspergillus [2] also cause some injury to seedlings under 
certain conditions. ‘These organisms sometimes attack seedlings beyond 
the seedling stage, in which case they should more correctly be referred 
to as root-rots (Fig. 7, Pl. 1). Our present knowledge of true causal 
relationships in root-rot of corn is very limited, though it is well known 
that such damage occurs to a greater or lesser extent each year. 

It has been observed that seedling blights and root-rots of corn in 
Ontario are sometimes associated with unbalanced nutritional conditions, 
especially a deficiency of potash in relation to nitrogen. Although this 
entire problem in Ontario warrants careful investigation from different 
angles, at the present time it may be stated that losses from these diseases 
can be lessened if attention is paid to the practice of careful cultural 
methods. Also, all of the fungi discussed below as causing ear-rots and 
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stalk-rots, except perhaps N. sphaerica, have been reported [2, 3] as 
capable of causing seedling blights. Their relative importance in Ontario 
remains to be determined. 


Stalk-rots 


Diplodia stalk-rot.—In Ontario infection by Diplodia zeae is often 
responsible for rotting of stalks before or during maturity, but the ears 
have usually reached the milk stage or the early dent stage before notice- 
able damage is apparent. Infection experiments conducted at Harrow 
for the past 3 years in which Diplodia zeae (Schw.) Lev., Gibberella zeae 
(Schw.) Petch, Fusarium moniliforme Sheld., and Nigrospora sphaerica 
(Sacc.) Mason were tested on different hybrids and inbreds, definitely 
indicated that D. zeae displayed greater virulence than any of the other 
three organisms. Of particular interest was the fact that damage in- 
creased with each series of inoculations made throughout the season, 
thus indicating that susceptibility of the host increased with maturity. 
Other infection experiments with Diplodia have shown that different 
hybrids and parental stock show differences in resistance and suscepti- 
bility to Diplodia. 

Primary symptoms consist of dull brown to straw-coloured areas on 
leaf-sheaths and stalks, which later turn grey. The pith of affected por- 
tions of the stalk dries out and becomes shredded in appearance. Affected 
plants may or may not die prematurely. Abundant rainfall during 
the latter part of the growing-season and injuries to the plant during 
the season appear to increase the amount of stalk-rot caused by this 
fungus. Infection experiments have shown that the fungus is often 
confined to a single internode, though it can penetrate the tissues of the 
node. ’ 

The causal organism gains entrance to the plant at the soil level through 
the crown and thence into the stalk, or through the nodes by means of 
spores that lodge between the stalk and the leaf-sheath. 

The fungus overwinters in affected stalk-tissues remaining in the field. 
During the winter and following spring presence of the fungus on such 
tissues may be observed by the occurrence of minute black pycnidia, 
particularly in the vicinity of the nodes. When moisture is sufficient, 
the spores ooze from the pycnidia and are spread by means of wind and 
rain. The best means of controlling this disease is by the use of resistant 
hybrids. Where early maturing hybrids are grown in a district with a 
long growing-season they often become infected with Diplodia. 

Gibberella stalk-rot.—G. zeae is another of the important stalk-rotting 
organisms in Ontario. Natural infection, which is usually confined to the 
crown and lower internodes, is shown by the reddish colour and shredded 
appearance of affected tissues. As in Diplodia, evidence of the disease 
is usually not manifested until the plants approach maturity. The causal 
organism overwinters on old corn-stalks left in the field, the perithecia 
of the fungus appearing on the surface of the stalks, mostly around the 
nodes, the following winter and spring. Infection experiments with this 
organism have shown it to be considerably less virulent on most hybrids 
and inbreds than on Diplodia. Control of this disease may best be 
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obtained by the use of resistant hybrids, by crop rotation, and by plough- 
ing under and burying infected stalks and stubble. 

Fusarium stalk-rot.—Fusarium moniliforme frequently causes a stalk- 
rot of corn in Ontario. In fact, studies over a period of 3 years at Harrow 
have indicated that this fungus is next in alone to Diplodia on stalks, 
and more virulent than G. zeae. Symptoms on stalks resemble those 
caused by G. zeae, and control measures are the same as for the latter 
fungus. Workers in the United States 2, 3] have stated that F. monili- 
forme and a sphaerica usually follow infection by Diplodia zeae 
or attack plants low in vigour. 

Nigrospora stalk-rot.—The organism Nigrospora sphaerica may also be 
responsible for some rotting of stalks. Under Ontario conditions, how- 
ever, stalk infection is not usually important. Symptoms consist of dry- 
ing out and shredding of affected internal tissues, but without the reddish 
discoloration caused by Fusarium and Gibberella. Infection experiments 
at Harrow have shown this fungus to be the least virulent of four used 
on stalks. Control measures are similar to those practised for Gibberella 
and Fusarium. 


Ear-rots 


Diplodia ear-rot.—In Ontario several fungi are responsible for rotting 
of ears, the most important of which is D. zeae. This disease is most 
severe in seasons when moisture is high during the period of maturation. 
It usually does not develop until the ears have reached the soft-dough 
stage. Evidence of infection is first manifested by the bleached husks 
and drooping of affected ears. Under natural conditions infection usually 
occurs around the butt or shank and advances upwards through the ear. 
Occasionally, however, infection has been observed to begin at the tip of 
the ear. By harvesting time all stages of infection can be found. Com- 
pletely rotted ears are often very light in weight and mummified. Badly- 
diseased kernels assume a greyish-brown colour and often have minute, 
black pycnidia scattered over their surface. Severely affected ears usually 
have husks, ear-kernels, and shank all tightly and completely enveloped 
with white or greyish strands of the fungus (Fig. 1). Mildly affected 
ears may appear normal, though close inspection will often reveal either 
white fungous strands between the kernels or lesions on the kernels 
themselves. 

Infection experiments in which D. zeae and three other ear-rotting 
organisms were used have indicated that D. zeae possesses the highest 
pathogenic capability (Fig. 12, Pl. 3). When inoculations were made at 
approximately the soft-dough stage, ears were completely destroyed in 
less than 30 days. The important influence of moisture on infection was 
indicated during the 1943 season when inoculations made during July, 
which was unusually wet for that month, resulted in much more severe 
damage than those made later when a prolonged dry spell occurred. 

Control of ear-rot caused by Diplodia may best be obtained by the 
use of hybrids possessing some resistance to the disease. Crop rotation 
and also the avoidance of planting corn successively in the same ground 
will assist in control of this disease. Apparently resistance to the ear-rot 
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form of the disease may be distinct from the stalk-rot form, thus in- 
dicating that a hybrid may be resistant to one form but not to the other. 

Fusarium ear-rot.—Ear-rot caused by F.. moniliforme occurs every year 
in Ontario, though damage is not extensive. Primary symptoms do not 
appear until kernels are well dented. Infected areas which involve single 
or relatively few kernels are powdery and pinkish (Figs. 3, Pl. 1, and 
13, Pl. 3). The incidence of this disease is closely correlated with extent 
of kernel injury, particularly that caused by earworm and cornborer. It 
has frequently been observed that go—100 per cent. of earworm or corn- 
borer injuries are followed by Fusarium infection. The same is true of 
injuries caused by birds feeding on kernels at exposed ear-tips. Often 
the disease enters the tip of the ear, particularly when it is not completely 
covered by the husk. 

Fusarium ear-rot may be avoided to some extent by using hybrids 
which have ear-tips well covered by husks. 

Gibberella ear-rot.—Ear-rot caused by G. zeae is sometimes respon- 
sible for damage to ears as well as stalks in Ontario. Symptoms usually 
consist of a reddish discoloration of the tip of the ear. ‘This discolora- 
tion advances downward until it may involve as much as half of the ear 
(Fig. 2, Pl. 1). Husks cling tenaciously to affected portions of the ear 
and the disease results in a typical dry rot of affected tissues. The causal 
organism overwinters in diseased corn refuse, and perithecia are borne 
on the surface of affected stalks. 

Considerable control may be obtained by the use of hybrids showing 
a measure of resistance. Careful ploughing, by means of which all old 
stalks containing perithecia are buried, will reduce primary infection. 
Rotation to non-susceptible crops will reduce potential sources of 
primary infection. Wheat and barley are both susceptible crops. Diseased 
ears should be discarded, since feeding them to certain animals such 
as swine, has resulted in toxic effects. 

Nigrospora ear-rot.—In certain years ear-rot caused by Nigrospora 
sphaerica (Basisporium gallarum Mall.) is responsible for important 
damage to the Ontario corn crop. The most characteristic symptoms 
of affected ears are their light weight, the shredded appearance of the 
cob, and the fact that they break very easily. The characteristic shred- 
ding is noticeable in the shank of affected ears (Figs. 4, 5, 6, Pl. 1). The 
latter are chaffy, and kernels often appear dull and bleached. Pycnidia 
of the causal organism are often scattered over the butt of affected ears. 

The causal organism overwinters in affected plant parts left in the soil. 
It has been observed that late-planted corn that has been injured by 
frost before it has become properly matured is especially susceptible to 
infection by this fungus. On the other hand, vigorously growing normal 
crops seldom sustain injury. 

ontrol of this disease may be obtained by using only those hybrids 
well suited to the locality. 

Other organisms, including Penicillium, Aspergillus, occasionally 
cause ear-rotting in Ontario, but little is yet known concerning them. 

Common smut.—This disease, caused by Ustilago maydis (DC.) Cda., is 
responsible for losses wherever corn is grown, and Ontario is no excep- 
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tion. Symptoms are well known, namely, galls produced on any above- 
ground plant parts, which, varying in size, are silvery white with the 
interior a black powdery mass of spores. These spores, spread by wind 
and rain, infect the host and cause infection directly or produce secon- 
dary spores and then infect the host. The spores are able to overwinter 
in the soil and germinate the following year. Injured plants are especially 
susceptible to attack. This is frequently evident in breeding plots of 
hybrid strains where go to 100 per cent. of de-tasselled plants may 
develop galls at or around the point where the tassel is removed. Crops 
growing under conditions of excess nitrogen and organic matter also 
appear predisposed to smut infection. 

Control may be obtained by adopting cultural practices that encourage 
steady growth under well-balanced soil fertility practice. Considerable 
progress is also being made in the development of resistant hybrids, 
since there appears to be a wide range of resistance to smut in inbred lines. 


Leaf diseases 


Rust.—Corn rust occurs annually in Ontario. During certain years 
and on certain varieties it causes noticeable damage by destroying leaf- 
tissues. It occurs on leaves as reddish-brown pustules, which finally 
break through the epidermis. The pustules consist of masses of summer 
spores of the ne pace wall Puccinia sorght Schw. The fungus may 
overwinter in diseased corn tissues. There is wide variation in resistance 
to rust of inbreds, first-cross material, and hybrids, a fact that is taken 
into consideration in the breeding-programme. 

Other leaf troubles.—Other leaf diseases, such as Helminthosporium 
leaf-spot, one of physiological origin, and several caused by mineral 
deficiencies, occur in Ontario each year but are of minor importance. 


Recommended Hybrids for Ontario 


On the basis of es results obtained to date by the various 
institutions and workers involved, the following hybrids are recom- 
mended for Ontario: 


Very Early Early Medium Late 
Canada 240 Minhybrid 301 DeKalb 240 Funks G15 
Wisconsin 240 DeKalb 615 Canada 606 Pioneer 322 
Canada 255 Funks 176 Wisconsin 606 DeKalb 404A 
Wisconsin 255 Pioneer 355 Canada 645 Canada 696 
Canada 275 Kingscrost M Wisconsin 645 Wisconsin 696 
Wisconsin 275 Canada 531 Canada 625 DeKalb 458 
Canada 279 Wisconsin 531 Wisconsin 625 Pioneer 340 
Wisconsin 279 Iowa (white) 3215 Pioneer 373 Iowa 939 
Canada aa Funks G31 Funks G72 
Wisconsin 355 Ohio M 15 Kingscrost FB 

Iowa 942 
Illinois 972 
Indiana 610 


It will be observed that the hybrids are grouped according to maturity. 
Within each group the individual hybrids are listed in descending order 
of maturity, the earlier-maturing hybrids preceding the later ones in 
each case. 
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The hybrids have been selected to meet a fairly wide range of con- 
ditions. All of them have demonstrated high yielding capacity and 
possess strong stalks and large root-systems (Fig. ro, Pl. 2). They have 
shown considerable resistance to disease, lodging, and damage resulting 
from cornborer attacks. All have been found to be superior to the com- 
monly grown, open-pollinated varieties of similar maturity. 


Zones of Production 


Owing to the limited adaptability of certain hybrids the Ontario corn- 
belt has been sub-divided into the production zones outlined on the 





Fic. 18. 


accompanying map (Fig. 18). ‘These zones are based upon the average 
number of frost-free days and the total number of heat units' registered 
during the growing-season. 


Recommendations based on zones 


Zone 1. Fodder: Late group adapted to whole area. 
Grain: Medium group adapted to whole area. 
Late group may be used in many areas. 
Zone 2. Fodder: Medium and late group adapted to whole area. 
Grain: Early group adapted to whole area. 
Medium group may be used in favoured areas. 
Zone 3. Fodder: Medium group adapted to whole area. 
Grain: Very early group adapted to whole area. 
Early group may be used in favoured areas. 
Zone 4. Fodder: Medium or early group adapted to whole area. 
Grain: Very early or early group adapted to favoured areas. 
Zone 5. Fodder: Early to very early group adapted to whole area. 
Grain: Very early group adapted to favoured areas. 


1 These meterological data were kindly supplied by the Ontario Research Foundation. 
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Seed-Production 


All of the recommended strains of hybrid corn listed above are of the 
type known as double-cross or commercial hybrids. As mentioned 
earlier, four inbred or true-breeding lines are combined in a certain order 
to produce each of these hybrids. The inbred lines are first crossed in 
pairs to make single-cross hybrids, and two of these single-cross hybrids 
(Fig. 9, Pl. 2) are in turn crossed to produce the double-cross hybrid. 
Hence three different classes of seed must be produced to develop, main- 
tain, and place in production each double-cross hybrid. 

The Canadian Seed Growers’ Association is responsible for the regis- 
tration of all commercial hybrid seed-corn grown in Ontario. Strict 
regulations [4] govern the production of hybrid-corn seed, procedure 
regarding isolation, de-tasselling, freedom from disease, and trueness to 
type. Only first-generation hybrid seed may be sold, because segregation 
begins in subsequent generations. 


Seeding 


Owing to variation in the size and shape of seed of the different grades 
of hybrid corn, the machinery used for planting has to be adjusted to 
suit the particular grade of seed used. Planting is usually made in hills 
34 ft. apart, with an average drop of 3 kernels per hill. One bushel of 
seed should plant from 6 to 8 acres. 


Conclusion 


In the foregoing paragraphs an attempt has been made to outline the 
development, present status, and projects under conduct in connexion 
with the hybrid corn industry in Ontario. It may be concluded that 
here is an agricultural industry the establishment of which has depended 
almost entirely on the application of specialized scientific principles. 
Likewise, its survival and possible expansion will be almost solely depen- 
dent on the continued and ret use of scientific knowledge in the 
solution of the various problems which inevitably must be solved. As 
these various problems are solved, it is felt that the acreage of hybrid 
corn in Ontario and also in other Canadian provinces will likely expand 
in a northerly direction, probably to the very limits of corn-growing 
for ensilage purposes. 


Summary 


1. The origin and development of corn-growing in the United States 
and Canada, and the rapid change from the use of, open-pollinated 
varieties to hybrid strains in Ontario are described. 

2. The hybrid-corn breeding-programme in Ontario, together with 
concurrent pathological studies, aiming at the production of hybrid 
strains not only of high commercial value but also possessing inherent 
capacity for disease resistance, are recorded. 

3. Corn diseases of economic importance in Ontario are summarized, 
and progress in pathological research to date are given. 
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4. A list of the recommended hybrids best adapted to the different 
geographical production zones of Ontario is given. 


ne 5. Method of seed-production and planting is described. 
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Ears of open-pollinated corn naturally infected with the following pathogenic organisms: 


Fic. 1. Diplodia zeae. 

Fic. 2. Gibberella zeae. 

Fic. 3. Fusarium moniliforme. 

Fics. 4, 5, and 6. Nigrospora sphaerica. 

Fic. 7. Field of open-pollinated corn manifesting severe symptoms of root-rot. 
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Fic. 8. Field of hybrid corn showing uniformity of plant-size. 

Fic. 9. Field of ‘single cross’ hybrid corn showing two rows of male parent in centre. 

Fic. 10. Base of hybrid-corn stalk showing the characteristically strong, brace roots 
growing from the lower node. 

Fic. 11. Field of open-pollinated corn manifesting severe lodging, which is not un- 

usual after wind storms. 
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THE COFFEE RESEARCH AND EXPERIMENT STATION, 
TANGANYIKA TERRITORY: A BRIEF SURVEY OF THE 
FIRST TEN YEARS’ WORK 


S. M. GILBERT 
(Chief Scientific Officer in Charge) 


Location.—The station is situated at Lyamungu in the Machame area 
of the Moshi District in the Northern Province of ‘Tanganyika Territory, 
and on the southern slopes of snow-capped Kilimanjaro (19,700 ft.) at 
an elevation of about 4,400 ft. The site is approached by an all- 
weather motor-road some 5 miles long that branches off from the main 
Arusha—Moshi road, about 8 miles west of Moshi, which is a town 
having good communications by road, rail, and air. 

Area.—The estate, roughly rectangular in shape, with the longest axis 
north and south, comprises 310 acres and was formerly part of a large 
German-owned estate. The latter carries full-bearing coffee, but at the 
time it was acquired there was no coffee on the area purchased by 
Government for the Research Station. 

Topography.—The surface is very undulating, and although fairly steep 
valleys intersect the area from north to south, there is flat land available 
for such experiments as require it. Two spurs near the southern 
boundary provide suitable sites for residences. 

Climate.—The average rainfall for the 6 years previous to 1934, on a 
neighbouring estate, was 62-75 in., but there was a big variation, for in 
1929 it was 43:7 in. and in 1930, 76-3 in. The wettest months are 
April and May, with further small but uncertain rains about November 
and December. The average rainfall since records were commenced 
at the station in 1934 has been 68-1 in., with a minimum and maximum 
respectively of 43:2 in. and 100-7 in. 

The monthly and total rainfall for 1934 as recorded by the station was: 











| Max. fall | | 

| No. of in one 
| vainy day | Total Total 
Month days | mm. |— mm. in. 
January | 3 54°0 56°5 2°2 
February : | 4 35°5 67°5 2°6 
March . P ; si 9 50°5 71's 2°8 
April . - : i 19 37°5 180°5 ve 
May . ‘ ‘ o | 29 34°0 329°5 13°0 
June. ; - ‘ 22 71°0 197°0 7°8 
July. : ; sf 10 | 25°9 68-9 2°7 
August : : : 16 4°8 25°6 I°o 
September . : : 6 4°6 15°2 06 
October . P ; 6 2°5 8°5 03 
November . ‘ : 7 17°s 49°8 2°0 
December . : ; 7 5°2 80°9 | $2 
TOTAL : . : 138 — | Stet | 4gts 





3988.51 
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This distribution and quantity led at first to a wrong conception of 
some of the problems because subsequent years frequently had d 
spells, approaching drought conditions, from June to March (v.i.). 
Usually from July to October it is cold and damp until midday, a cloud 
blanket affording shade during most mornings. Eastern aspects are 
therefore cool and western hot. Cold winds from the mountain arise 
almost daily soon after sunset and the diurnal variation in temperature 
is wide. 

Sotl.—The soil is a dark reddish-brown loam of volcanic origin, very 
deep and with a high water-holding capacity; it becomes very sticky 
if worked and consolidated when wet. The top layer is neutral to 
slightly acid—pH 7:1 to 6-8—and increases in acidity to pH 5:5 at 
2 ft. 6 in. and below, i.e. the soil generally speaking increases in acidit 
the deeper it goes. A detailed soil survey has been started by the Soil 
Chemist. 

Flora.—A very thorough botanical survey was carried out through the 
courtesy of the Director of the East African Agricultural Research 
Institute, Amani, by the Botanist (Mr. Greenway). The greater part 
of the area was covered by secondary bush (Vernonia-Clerodendron). 
Three or four areas of forest remain and will not be touched. 

Fauna.—Owing to the presence of precipitous gorges close outside 
the boundary, both to the east and the west, the station is free from the 
depredations of big game. Smaller game, such as wild pig, exist in the 
vicinity and monkeys are troublesome. 

In regard to insect pests of economic importance, leaf-miners (Leuco- 
ptera coffeella) have been severe on young coffee. Dusty ground beetles 
(Gonocephalum simplex) do a certain amount of damage by ‘ringing’. The 
station appears to be above the zone of the white stem-borer (Anthores 
leuconotus), which at this point on the mountain seems to be below 
4,000 ft. Antestia (Antestia lineaticollis) are common, and _ thrips 
(Physothrips xanthoceros) prove troublesome during hot dry weather. 

Buildings.—Although several areas which housed ‘squatters’ required a 
few years of treatment to bring them to a condition sufficiently uniform 
for experimental work, conditions are generally suitable to the purpose 
for which the station has been instituted. Administrative and technical 
sections are housed in one large building, the offices occupying the 
front portion, whilst four wings provide for laboratories and other 
necessary accommodation for the Chemist, Entomologist, Plant Patho- 
logist, and Physiologist. Store accommodation is provided in a separate 
building. Residential quarters have been built for 7 Europeans, 3 Asia- 
tics, and 7 Africans, and for the requisite permanent labour force. 
Two hostels for visiting workers and a rest-house for planters are 
available. There is an up-to-date coffee factory capable of handling 
about 30 tons of coffee, together with a laboratory for work on quality. 

Power.—A unit consisting of a 27-h.p. Lister diesel-engine and 
generator provides power for the water-supply and factory, electricity, 
and for the ‘Silverlite’ gas plant. An adequate supply of water is assured 
by the presence of a perennial stream and a spring. 

Finance.—The Colonial Development Advisory Committee recom- 
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mended and the Treasury approved of an allocation of {£41,700 being 
made for capital expenditure on the scheme for establishing a Coffee 
Experimental Station in the Northern Province, Tanganyika Territory, 
from the East African Guaranteed Loan; also a free grant from the 
Colonial Development Fund towards recurrent expenditure, on the 
following basis: 

£23,000 in all, distributed as follows: 


£6,000 in the first year (1933-4 counts as the first year) 
£5,000 in the second year 
£4,000 during each of the succeeding three years 


Total £23,000 


Subsequently a further free grant of half the recurrent expenditure 
was given from Colonial Development Funds for a further period of 

years. 

The debt charges on the capital expenditure of £41,700 from the 
Guaranteed Loan amount to {1,668 per annum. Planters agreed to 
meet this by means of a cess amounting to a maximum of Ios. per ton of 
cleaned coffee or 8s. per ton of parchment coffee, imposed on all coffee 
exported from the Northern and Tanga provinces. This cess now 
provides a varying surplus, after interest has been met, which is allotted 
to the Tanganyika Coffee Growers’ Association for the benefit of the 
coffee industry. The cess was legalized by the Coffee (‘Tax) Ordinance 
passed by the Legislative Council on June 26, 1933. 

Funds for payment of salaries, leave, and passages, &c., for the 
Entomologist, the Plant Pathologist, and one Agricultural Officer are 
provided from the normal votes of the Department of Agriculture, and 
not from the grant made for the recurrent expenses of the station from 
the Colonial Development Fund. 


Programme of Work 


The following sections cover the main activities of the Coffee Research 
Station, excluding studies on the control of pests and diseases and of the 
soil, from 1934 to 1943. It is however, necessary to divide up this 
10-year period into three distinct divisions in order fairly to assess the 
value of the work of the staff over the period. 

In 1934 the site was covered in bush and forest, and equipped labora- 
tories and other essential buildings were not ready until 1936. Much of 
the time of the staff was spent in touring the coffee-growing areas of 
East Africa to appreciate the main problems facing the industry. The 
first period of 3 years was thus mainly one of preparation. The period 
1937-9 was one of maximum progress and development. A full pro- 
gramme of investigations was in train. 

In 1939 to 1940 the military situation in East Africa caused the 
transfer of all able-bodied men at the station either to the Forces or to 
essential war-work. This involved the loss of the services of the Entomo- 
logist, Chemist, Agricultural Officer, European Clerk, Agricultural 
Assistant, and four European recorders. In consequence work in their 
respective spheres either ceased entirely or was drastically cut. For 
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example, all co-operative experiments on estates and African holdings 
had stopped by the end of 1942. Since the termination of military 
operations in Africa, Government has not found it possible to replace 
this staff. In the last 4 years therefore the work has been on a consider- 
ably reduced scale. 

The original long-term programme of work was laid down after full 
consultation with other institutions working on coffee in East Africa. 
The producers’ views were also fully considered. In this way much 
overlapping was avoided. 

The work falls naturally into two divisions, but in the beginning the 
field work coincided. ‘These divisions are the improvement of the 
coffee bush itself, and the improvement of its environment. 

In 1934 little was known of the plant material to be used for field 
experiments, and in particular its variability, and accordingly an im- 
mediate beginning was made, on a large scale, with uniformity trials. 
These studies not only gave valuable practical experience to the staff 
but in a few years showed the extreme variability of the material. This 
knowledge firstly gave hope of success in selection of promising strains 
within the plant population already existing, if the variability could be 
shown to be due to genetic causes, and, secondly, led to the conclusion 
that many types of precise experiments could not be done on the coffee 
available on estates and native holdings. It was thereupon decided to 
begin at once the study of vegetative propagation primarily with a view 
to propagating promising ‘mother’ trees, and secondly, to obtaining 
mass clonal material for experiments. 

Vegetative propagation.—In order to obtain material suitable for 
cuttings, mother trees are bent over. Suckers then come away at the 
nodes. When in a suitable condition, learned by experience, thev are 
cut and trimmed ready for the frames. Ordinary frames consist essen- 
tially of a concrete box covered by glass. A hessian-cloth shade is erected 
about to ft. above the ground. The medium is a mixture of sand and 
peat-moss litter. Much experience is required to maintain the frames 
at the required condition of humidity and temperature. The humidity 
should be near saturation point and the temperature about 25° C. 
Several thousands of cuttings are now rooted annually. In practice the 
use of growth-promoting substances has not been found necessary. 
The cuttings root in 18 weeks on the average. 


Improvement of the Coffee Bush 

Aims.—The principal aim of the selection work is to locate trees in 
the existing population of.Coffea arabica in Tanganyika Territory which 
meet, as near as is practicable, the requirements for desirable commercial 
types, taking into account low costs of production and quality. In prac- 
tice the qualities needed are: (1) high regular yield per unit of area; 
(2) good horticultural properties; and (3) clean coffee of good appearance 
and of acceptable drinking quality. 

Material used—Commencing with 16 blocks in 1934, the areas under 
investigation have been gradually extended until at the outbreak of war 
30 blocks embracing some 20,000 trees were being investigated. Within 
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this number about 100 trees have been located that are deserving of 
detailed study. All these trees are on the ‘single-stem’ system of 
growth. All recording off the station has ceased until after the war is 
over. 

Characters studied.'.—The main characters that are being studied over 
a minimum period of 6 years are: yields of cherry, parchment, and clean 
coffee per tree; percentage of peaberry in the clean coffee; size and 
shape of bean as expressed in length, width, and plumpness, i.e. com- 
mercial sizing; weight of individual beans, and density of individual 
beans. 

Field notes are made as to the type of tree, colour of growing-points, 
growth, and space occupied. The presence or absence of shade is 
recorded. Allowance is made for the space occupied by the tree in 
assessing the final yield of the potential selections. Standard spacing of 
trees is g XQ ft. 

Yield of Cherry.—Local opinion places the average annual yield of 
parchment coffee in Tanganyika Territory at 2:5 cwt. per acre. ‘The 
mean yield of some 40 blocks of coffee recorded by the station staff over 
3-6 years and each consisting of several hundreds of trees, located all 
over the main coffee areas, was nearer 5 cwt. Individual trees were, 
however, found to average more than three times this amount. In 
consequence a yield at the rate of 15 cwt. per acre was provisionally 
fixed as the lower limit of yield for selection purposes. An allowance for 
age is made for trees under 7 years of age. ‘To date, about 60 trees have 
been located which fulfil yield requirements. Other trees near the 
lower limit have been provisionally admitted on account of their bean 
characters. 

Unfortunately there is a very irregular periodicity in yield in Coffea 
arabica and regular annual bearers are rare. In general trees bear well 
every other year. The reason for this behaviour is not yet understood, 
and in the meantime irregular bearers conforming to the average mini- 
mum yield requirements are included among those which receive further 
study. Hence it is considered that final selections should be on the basis 
of performance over a minimum period of 6 years. 

On commercial estates the crop can usually be harvested in about five 
pickings. In the study of bean characteristics it is necessary to pay more 
careful attention to the degree of ripeness. This frequently involves as 
many as ten pickings. The whole crop from one tree for the year must 
be bulked. Cherry yield in itself, whilst having a very pronounced value 
on the final assessment of the worth of the tree, is not sufficient. It is 
clean? coffee per unit area that is important. Unfortunately many pro- 
ducers sell in parchment, and for this reason results must be expressed 
also in that term. 

' ‘Cherry’ means the ripe fruit. ‘Parchment’ means the beans after the pulp has 
been removed and the coffee has been washed and dried. ‘Clean’ means coffee from 
which the parchment-like skin has been removed together with a tight membrane 
covering the individual bean called ‘silverskin’. ‘Peaberry’ is the egg-shaped bean 
formed when only one instead of two beans develop in a fruit. 


2 100 Ib. cherry give on average 16 lb. parchment, or just over 12 lb. of clean 
coffee. 











118 S. M. GILBERT 


The study of bean characters involves much detailed work, since a 
good yielder may have as many as 10,000 individual beans. It is clear 
therefore that individual measurements cannot be made on all. Random 
samples must be taken. A detailed investigation has shown that a 
random sample of 400 beans per tree is sufficient to characterize the tree 
within very accurate limits. 

Good horticultural qualities—A vigorous growing tree with widely 
spaced horizontal branches is wanted. This type of branching gives an 
open tree which is less likely to be affected by such diseases as Hemileia 
vastatrix and to harbour, unseen, pests like Antestia. 

Some workers, for example those in the Belgian Congo, are of opinion 
that trees having bronze-tipped shoots, as opposed to tocintlinnet ones, 
are more hardy, and this point is under investigation in our field trials. 

In multiple-stem coffee suppleness in the suckers is required to 
lessen the all-too-frequent breakages that are one of the drawbacks of 
this system. 

None of these characters may be inherent and some are known to be 
much influenced by environment. 

Quality of fruit.—Briefly, high-quality coffee may be summarized (a) 
as of good appearance, (b) attractive after roasting, and (c) with good 
drinking qualities—‘cup’. Each of these classes is subdivided by the 
liquorer. In the subdivisions, however, there are no precise standards 
of comparison of different samples such as a scientific investigator 
would accept. Nevertheless, the liquorer has skill and experience in 
classifying samples and does in fact reproduce a blend year after year 
with sufficient uniformity to satisfy a critical consumer. 

Appearance.—The qualities included in this classification are usually 
size, evenness, weight, and colour. All of these are readily and precisely 
measured by the workers making the selection in the field and labora- 
tory. ‘The characters are important as considerable attention is still paid 
to them in some markets and prices are thereby influenced. It is in this 
group that most of the work has been done. In the evaluation made by 
the commercial liquorer about 39 per cent. of total marks obtainable are 
allotted to this group. 

Roast.—The subheads under this group are usually type, evenness, 
‘centre cut’, and ‘make’. Type refers to the brightness of the bean after 
roasting: the brighter the bean the better is the quality, says the liquorer. 
‘Make’ refers to hardness, and ‘centre cut’ to colour, liquorers holding 
that a white colour indicates good quality and brown colour poor 
quality. Evenness is a self-explanatory point: beans of equal volume 
and shape will roast more evenly than irregular types. A considerable 
degree of evenness is obtained in the coffee-curing works by ‘sizing’ 
machines, which are unfortunately still called ‘graders’. This group 1s 
allotted 25 per cent. of total marks. 

Liquor.—Under this head the subdivisions of the liquorer are acidity, 
body, and flavour. This group is allotted 36 per cent. of the total marks, 
acidity being the most important. At present there are no scientific 
standards of comparison, but there is promise of specific gravity being 
correlated with ‘cup quality’. In selection work, samples of potential 
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selections are sent to commercial liquorers and their reports carry full 
weight particularly in regard to liquor. 

To summarize, the position reached to date is that about 12 acres of 
seedling progeny of potential selections were planted out in the field in 
1937-8. About 8 acres of clonal progeny (rooted cuttings) of the same 
selections were planted out in the field in 1943-4. A further 5 acres will 
be planted when cuttings are rooted. The field layout is in 5 x5 or 
6x6 Latin squares. 

It is noteworthy that one seedling selection yielded 8-5 cwt. of parch- 
ment coffee per acre in its third year, and independent haan report 
on it as an outstandingly fine-quality coffee. 

Any differences in yield that may occur between the progeny of 
potential selections have yet to be proved to be due to inherent charac- 
ters; they may be due to environment, to changes in which the coffee 
bush is very susceptible. it is unfortunate therefore that the trials of 
open-pollinated seedling progeny of such selections, which were laid out 
in various districts in 1938, had to be abandoned with other co-opera- 
tive experiments. Trials of clonal (rooted cuttings) progeny of the 
selections have, as yet, been planted only on this station and are not yet 
in bearing. 

Liquorers do, however, differentiate between the kind of merchant- 
able coffee obtained from neighbouring trees. The field trials mentioned 
above have been designed to give information on the first point. 


Improvements in Environment 


Coffea arabica is very sensitive to its surroundings; inevitably there- 
fore most of the investigations fall under the head of: 


General Cultural and Manurial Experiments 


As a result of 4 years’ uniformity trials the following knowledge as to 
technique for experiments on seedling C. arabica has been obtained: 

(i) A convenient size of plot consists of 16-20 trees (normal spacing 
9 <Q sq. ft.). 

(ii) The Latin square of 66 plots is an efficient layout, as is the 
method of randomized blocks if repeated at least 8 times. The 4x4 
Latin square by itself is inefficient, not being sufficiently sensitive. 

(iii) Owing to the irregular periodicity of yields of neighbouring trees, 
from year to year, preferably 3-4 years’ natural yields of plots should be 
obtained before treatments are applied in precise experiments. 

(iv) Means of 3 years’ sabeud Gali give a substantially lower plot 
error, and used in the method of covariance considerably increase 
precision. 

(v) Repetition of an experiment in several localities and over several 
seasons is essential. 

(vi) Under the topographical and climatic conditions of the northern 
os of Tanganyika Territory replications of similar experiments must 

e grouped in relatively small localities, otherwise interaction between 
locality and season invalidates the combining of the experimental 
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results as a means of increasing precision, mean plot yields being 
significantly different between experiments. 

The results of field experiments are briefly described hereunder: 

Preparation of the land and establishment of the coffee-—Tests of the 
effect of seven different methods of planting on subsequent behaviour, 
over 6 years, demonstrated that significant increases are obtained 
when the holes for planting the coffee trees are prepared some months 
in advance. They must be refilled in ample time to allow of settling 
before the date of planting. Deep planting is injurious and planting 
should be done at nursery level; re is a slight advantage if a ball of 
earth remains covering the roots. Subsoiling the bottom of the hole has 
led to no advantage, but the mixing of compost when refilling the hole 
gives a slight benefit if holing is not done well in advance. 


TaBLe 1. Effects of Different Planting Methods on Yield of Clean Coffee 
(cwt. per acre). Mean of 6 years 
(a) Main plots 





Hole subsoiled 
r. les Sign. 
No Without compost, With compost diff. 
holing, H3F1*| HF1t+ | H3F1 HFr H3F1 HFr ss Mean S. E. |P = o-or 


6°43 | 8-95 6°95 8-18 7-33 8-19 7°21 7°89 O21 0°63 





(b) Sub-plots 





Planting ew, a 
Deep with Deep Nursery Nursery Sign. 
ball of bare level with level diff. 
earth roots — ball of earth | bare roots Mean as. £. P= oor 
7°41 7120 ~«O 8-60 8-45 7°89 o'l4 0°39 





* H3F1 = Holed 3 months and filled 1 month before planting. 
+ HF1 = Holed and refilled 1 month before planting. Size of holes 2 x 2 x 2 ft. 


TABLE 2. Effects of Selected Seedlings before Planting-out on Yield of 
Clean Coffee (cwt. per acre). Mean of 6 years 





| Good Good Poor Poor 
roots tops tops tops 
Tops | and | Average, and and and Sign. 
cut | good | seed- poor good poor diff. 
back tops | lings | roots roots roots | Mean | S. E. | P = 0-02 


3°90 5°30 431 | 4:48 4°00 3°69 429 | 0°33 0-98 





The selections were made by eye according to the sizes of the leaf- 
system and the root-system. After 6 years the best plants have retained 
first place in yield. 

Pruning and form of tree.-—Experiments were undertaken to learn the 
best way of converting from single- to multiple-stem coffee. In con- 
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verting single-stem coffee to that on multiple, usually three stems, it is 
clearly desirable to lose as little yield as possible during the year of 
conversion. This object is most easily achieved by leaving a portion of 
the old tree bearing, in such a way as to reduce to a minimum any ill- 
effects on the growth of the new suckers. The three simplest ways of 
doing this are (1) and (2) to cut off a complete half of the branches of a 
tree. This treatment has two forms, cutting off the east or cutting off 
the west half, in that, under local conditions, shade from the hot after- 
noon sun may be desirable for the suckers; (3) to cut off all branches 
except three well-grown pairs of primaries at the top. Other treatments, 
as given in the table of results below, lead to loss of crop. 


TABLE 3. Effects of Different Pruning Methods on Yields of Clean Coffee 
(cwt. per acre). Mean of 4 years, 1940-3* 
| Cut off all 





| Cut off Cut off | except top Top cut at 
| west stde | east side 3 pairs of 3ft. from 
Clean | primaries,| primaries, primaries, | Agobiada ground and 
stump, | 3 suckers | 3 suckers | 3 suckers | multiple | 3 suckers | Sign. 
3 from from from stem, left to grow | diff. 
suckers bottom bottom bottom 3 suckers at top | Mean| S. E. | P = 0:05 
8-15 9°84 I0'OI 10°18 | 8-49 8-49 g'16 | 0°32 0°90 





* Year of conversion, 1940. 

In 1944 half the crop is estimated to come from the old stems and 
half on the new suckers which were allowed to grow in 1943. The table 
shows that the three methods in which about half the bearing surface 
was left in the year of conversion have given a mean yield over a 4-year 
period significantly greater than the other methods. 

In experiments to compare the yields of single-stem coffee as opposed 
to two forms of obtaining multiple-stem coffee from seedlings (a) by 
bending over the main stem, Agobiada, and (6) by stumping and select- 
ing three suckers, the (6) method gave the best yields. 


TABLE 4. Comparative Yields from Single-stem and Multiple-stem 
Bushes (cwt. per acre). Mean of 5 years, 1939-43 





Multiple 
Multiple stem, Sign. 
Single stem, 3 suckers diff. 
Year stem 3 suckers Agobiada Mean SE. | f= os 
1939 1°74 1°76 O°41 1°30 0°73 aie 
1940* 3°05 11°78 6°65 753 o'51 1°78 
1941 7°42 12°40 6°52 8-78 o'10 0°33 
1942 6°04 13°82 9°76 9°87 0°88 3°05 
1943 5°4 17°2 I3'I I1‘9 0°56 2°92 
Mean of 
5 years 4°85 II‘51 7°31 7°89 0°35 1°20 





* Year of conversion. 
Cultivation—Five methods of cultivation, viz. with forked hoe, 
West Indian hoe, envelope forking, trenching, and no cultivation, were 
tested; no significant yl over a period of 6 years were observed. 


asaaaa 














122 S. M. GILBERT 


TABLE 5. Effects of Five Cultivation Methods on Yield of Clean Coffee 
(cwt. per acre). Mean of 6 years, 1938-43 








West 
Forked _ Indian No ‘Envelope’ Sign. 
: hoe hoe cultivation forking | Trenching _Mean S. E diff. 
4°59 4°57 4°42 3°46 3°98 420 | O32 | — 





Manuring and mulching —These experiments have formed the bulk 
of the studies both on the station and on estates and native holdings. 
From all forms of experiments, both those using the method of covariance 
and large-scale demonstration experiments repeated several times and 
in some cases over several years, the following main conclusions have 
been reached. 

(a) Owing to heavy leaching during the long rains, when nitrates are 
lost, it is economic to supply sulphate of ammonia after about 15 in. of 
rain have fallen, i.e. about mid-April; (6) the long rains having finished 
at the end of May, in order to conserve moisture for the dry season, 
which may last several months and attain drought proportions, it is 
sound practice to mulch. The most effective mulch is sae leaf trash, 
followed in effectiveness by Guinea grass or thatching grass. These 
experiments were made with seedling material and were single-factor 
experiments. 


TABLE 6. Effects of Manuring and Mulching on Yield of Clean Coffee 
(cwt. per acre) 


Mean of 6 years 

















Ammon. Half Sign. 
sulphate Compost each of | aiff. 
Estate Nil (a) | (b) (a) and (b) | Mean S. E. P= 0:05 
B 5°73 707 6°19 681 645 o2r | 074 
Sign. 
Ammon. Pen Thatching aff. 
Estate Nil sulphate manure grass Mean S. E. P=o0-2 
F 2°80 3°80 ___ 3°60 3°50 3°59 | O07 =| _ 
Sign. 
Ammon. Pen Banana | aff. 
Estate | Nil | sulphate manure mulch { Mean S. E. P=02 
L 312 «| 3°82 3°35 3°56 3°46 | 030 = 
2 SS 
= =< = 2 S ia s | 
i, (84/3 ae at? 2h 
= 3 3253 MS 3 = S33 ys 
E x => ° xs 24 ~~ | | | . 
=m | Se ia x 2 8 La. pe | SF 
3). : SA8 =~ 2 Ss Es Se | | = 2 
~ | #s| ss | 8si-| S| g | g |Sohs| 22] «|. | Bs 
3 So | Bo S~ Es &e Ss & @~ §3s | e~ | § | m | gy 
= 30 396 so k&™ 2's 2 & So FX | Sh & . | 
Q | OS | OF | QONS! Ro S = ROSS | Of | 8S | “| 
CRS | 7°74 | 7734 | 634 $37 | S97 | #7 5°73 | 625 | 621 | 030 | 08s 
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fee Mean of 5 Years—Main Plots 
Pen Thatching | Guinea Sign. 
— Estate | Nil manure grass grass Mean S. E. aiff. 
E* | 4°40 4°40 5°20 4°50 4°60 07040 o-14t 
nN, 
pF. 
One year (1942)—Main Plots 

—- Pen | Thatching | Guinea | | | Sign. 
Estate Nil manure | grass grass | Mean | S.E. af. 

alk E 6:92 5°83 | 7°48 | 719 | 686 | 030 — 

gs. 

od One year (1942)—Sub-plots 

n 

ve Nil | Pen manure \Thatching grass, Guinea grass ; 

———_—— |—_—_- “- a Sign. 
Ammon. | Ammon. | | Ammon. | Ammon. | diff. 

we Estate | sulphate| Nil | sulphate| Nil | sulphate\ Nil | sulphate| Nil | Mean S.E. P=0:05 

a E 7°31 6°53 6:20 | 5:40 8-03 6:94 8:06 | 6°33 6°86 O31 0.63 

ed 

on, Mean of 2 years 

1S Ammon. Pen Half Sign. 

sh sulphate manure each of diff. 

- 4 Estate Nil a (b) (a) and (b) Mean S. E. P = 0-05 

“SE AP 4°97 "6°05 5°32 6:01 5°59 o'22 0°65 

tor AQ 2°72 3°84 2°95 3°76 3°32 o'14 0°40 

One year only 
od Ammon. Pen Half Sign. 
| sulphate manure each of aiff. 
Estate Nil (a) (b) (a) and (b) Mean S. E. P = 0-02 
AJ | 7:29 874 ° 8-67 9:02 8-59 1:28 — 
AN 9°50 11°30 9°40 10°80 10°20 0°62 2-75T 

— AR 8°89 8°58 7°37 9°43 8°57 o'55 1:07 

* Altered to a split-plot experiment introducing sulphate of ammonia in 1942. 

o5 + Nearly significant for P = 0°05. 

Thatching grass = Hyparrhenia sp.; Elephant grass = Pennisetum purpureum; 
Guinea grass = Panicum maximum. 

3 Factorial experiments.—The technique for successful production of 
clonal material on a commercial scale being completed, and the nature 
of the immediate practical — having become more clear, it was 

- decided to lay down the following series of interrelated factorial experi- 
ments covering these problems: 

--- (1) To compare the merits of Guinea grass, elephant grass, and banana 
trash, — as mulches, with compost made from equivalent amounts 

son of elephant grass, and with clean cultivation. To study the effect of 
sulphate of ammonia in combination with these treatments. The layout 
is a 5 <5 Latin square with split plots for nitrogen, and is under shade. 

3 (2) To compare the effects of three levels of nitrogen (sulphate of 

ammonia), three of compost, and three of elephant-grass mulch and 

‘ their interactions. The layout is a ; <3 x3 design in blocks of g plots. 

— There are 3 blocks in each of 4 replications. There is no shade. 

= (3) To compare the effects of 3 amounts of nitrogen, 3 kinds of 
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nitrogen (acid, alkaline, and organic), and of 3 times of application 
during and after the long rains and during the short rains. The layout 
is a 3 X 3 X3 design in a g xg Latin square. There is shade. 

(4) To compare the effects on 4 clones of 4 levels of irrigation with 
4 levels of banana-trash mulch and the interactions between treatments. 
The treatments are arranged in an 8 x8 quasi-Latin square. There is 
no shade. 

The above experiments, with the exception of No. 4, planted in 1941, 
were planted in the 1940 long rains with rooted cuttings. It will be seen 
that between them they cover the main problems of nitrogen require- 
ments, with and without shade, and of mulch, compost, irrigation, and 
the relations between them. ‘Two years’ results have been recorded. 

General observations.—It became clear at an early stage that the soil 
fertility could be maintained only by keeping the texture in good 
condition.’ To achieve this, careful measures were taken against erosion 
immediately land was cleared from forest or bush. The best of these 
measures is as follows and is the standard method on the station. The 
land is contoured at 2 ft. vertical intervals and all rubbish laid along the 
contours. No burning is done. Silt-pits are dug between the coffee 
holes and below the contours, and the soil thus obtained is placed on the 
lines of rubbish. During subsequent weeding and renovation of con- 
tours, rubbish is always placed above the contours. In two years the 
land gives the appearance of having been terraced and the method is 
cheap. 

In addition it appeared that the application of organic manures might 
be effective, accordingly the study of animal husbandry and its place in 
coffee cultivation was begun. A herd of native cattle was started, pad- 
docks were laid out, and areas of banana and fodder grasses were 
planted as opportunity offered. The latter were designed to supply 
food for the stock, mulch for the coffee, and litter and plants xd 
composting. This work has been successful and about 300 tons of 
compost are made annually. As a result of good feeding and rigorous 
culling, a herd average yield of 2,000-2,500 lb. of milk per lactation of 
300 days has been achieved, with a butter-fat content of nearly 6 per 
cent.; together with annual calving. This is substantially superior to 
ordinary native standards. 


(Received September 21, 1944) 
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CULTURAL PRACTICE FOR THE CONTROL OF WIND 
EROSION OF SOILS IN WESTERN CANADA! 


A. E. PALMER 
(Dominion Experimental Station, Lethbridge, Alberta) 


With PLATES 4, 5 


WIND erosion of soils in Canada has been a major problem in the three 
provinces of Alberta, Saskatchewan, and Manitoba. These are called the 
prairie provinces because they contain that vast triangle of treeless and 
almost flat country lying with its base extending along the Canada- 
U.S.A. boundary from the foot-hills of the Rocky mountains for goo 
miles east into Manitoba, and with its apex 250 miles north of its base on 
the Saskatchewan—Alberta boundary. 

It is on this open prairie that wind erosion has been the most severe, 
although serious damage has occurred also in open stretches of park- 
lands and in localities cleared of bush, north of the prairies. Generally 
speaking, a strip about 100 miles wide across the southern ends of 
Alberta, Saskatchewan, and into S.W. Manitoba is more susceptible to 
soil drifting than areas farther north, with the most extreme conditions 
occurring in the Chinook wind-belt of southern Alberta. 

Wind erosion has been troublesome on the prairies from the time the 
pioneers broke the sod to grow grain and adopted the practice of summer- 
fallowing parts of their fields for the purpose of storing moisture in the 
soil to aid in the production of the succeeding year’s crop. This practice 
of summer-fallowing became quite general early in the present century. 
By the year of 1932 almost 13 million acres were being summer-fallowed 
and large fields were left bare of any plant-coverage, making them ex- 
tremely susceptible to wind action. 

Drifting occurs usually during April, May, and early June over most 
of the prairies, but in southern Alberta it is often severe in late autumn, 
and during the winter when Chinook winds melt the snow and leave the 
ground bare. 

In southern Alberta soil drifting had become a serious menace by 
1914, and soon farms were being abandoned owing to wind erosion. 
The seriousness of the situation caused governmental agencies and 
farmers alike to search for remedial measures. The Dominion Experi- 
mental Station located at Lethbridge, Alberta, in the centre of the 
Chinook belt, and farmers in the vicinity soon started to develop helpful 
control practices. In other localities on the prairies drifting was experi- 
enced at times, but the intermittent occurrence and the widely separated 
areas involved did not encourage widespread attempts at control. 

From 1931 to 1937 a severe drought swept into the prairies. Lands 
became powdery dry, with little protective crop-covering. In some 
places the seed failed to germinate or the young plants were eaten by 


' Contribution from Experimental Farms Service, Dominion Department of Agri- 
culture, Ottawa, Ontario. 
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grasshoppers and the fields were left bare. Periods of high wind- 
velocities were experienced and widespread drifting of soils ensued. 

By the autumn of 1934 the situation throughout the prairies had 
assumed almost the proportions of a calamity. In April 1935 the Domi- 
nion Parliament passed the Prairie Farm Rehabilitation Act (P.F.R.A.) 
[1] to provide for the rehabilitation of drought and soil-drifting areas 
in the provinces of Manitoba, Saskatchewan, and Alberta. 


Extension and Experimental Programme 

The Dominion Experimental Farms Service, which had been engaged 
in agricultural investigations since 1885, was assigned the task under 
P.F.R.A., first, of bringing to the farmers in the affected areas the best 
methods then known to ameliorate soil drifting and, second, to make 
widespread investigations of, and develop, better methods to meet the 
problem. 

The first step taken was to publicize the known ways to checking wind 
erosion. This was done with articles in the press, by the publication of a 
farmers’ bulletin [2], which was widely circulated, by holding meetings 
in localities suffering from erosion, and by field demonstrations. Field 
demonstrations were conducted on substations, reclamation stations, and 
on private farms, usually under the sponsorship of Agricultural Improve- 
ment Associations. 

The methods recommended at that time principally were those de- 
veloped in the Chinook belt of southern Alberta. These were outlined 

uite completely in a paper presented by the author [3] in April 1933 at 
the World’s Grain Exhibition and Conference at Regina, Saskatchewan. 
In that paper attention was directed towards the widespread serious- 
ness of wind erosion and the necessity for vigorous action. It was steted 
that methods were in use that had gone far towards meeting the situation 
in some localities, and it was suggested that these be tried in other 
districts. Practices recommended were: strip farming; ploughless culti- 
vation of fallows where sufficient plant-residue could be left on the 
surface to form a protective covering; the use of duckfoot cultivators and 
rod-weeders wherever possible, only using one-way disks where stubble 
or weed-growth was heavy; ploughing where there was insufficient plant- 
residue to provide a trash cover; ridging fields that were in danger of, or 
were, drifting; scattering of straw or manure on drifting-spots; and the 
sowing of spring grain on fallows in late summer as a cover crop to 
protect against erosion in autumn, winter, and early spring. 

Substations.—Thirty-nine substations were established by the Experi- 
mental Farms Service in 1935 [1] and the next year 7 more were added. 
By 1939 [4] these had increased to 52, 6 located in Manitoba, 31 in 
Saskatchewan, and 15 in Alberta. These substations were private farms 
operated under government supervision on agreement with the owner 
and usually comprised at least 640 acres of land. A member of the staff 
of the nearest experimental station, appointed to supervise substations, 
arranged with the operator of the farm to adopt a programme for soil- 
erosion control. Every effort was made entirely to prevent drifting of 
soil on each substation. The extent to which this was accomplished 
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\d- varied somewhat, but approached completely satisfactory results on all 
substations. 

ad Extracts from reports [4] made by the supervisors of substations from 

ni- various districts at the end of 1938, when the most severe drifting had 

A.) been overcome, are quoted here to show the progress made in wind- 

eas erosion control on the substations, and the influence of this work on 


drifting-control practices in the vicinity of the stations. 


South-western Manitoba: ‘Strip farming, combined with proper cultural practices 
ed has proved successful in controlling soil drifting on substations in south-western 
Manitoba. . . . The most satisfactory width of strip for south-western Manitoba 


ler ranges from 13 rods on light soil to 20 rods on heavy soil.’ 


eat ‘Experiments on substations indicate that cultivation without ploughing gives 
ike better control of drifting on summer-fallowed land . . . than does ploughing. The 
he ploughless fallow retains more trash on the surface.’ 

South-eastern Saskatchewan : ‘The control of soil drifting by strip farming, supple- 
nd mented by proper cultural practices, is the principal object of experimental work 
fa on substations in south-eastern Saskatchewan. The adoption of strip farming by 
1gs farmers is making considerable headway where drifting has been severe. . . . On the 
old substations . . . the ploughless fallow has been found useful where weeds or trash 
nd provided a desirable trash-cover to check surface-drifting. Where little or no trash 
ies has been available . . . ploughing to produce a lumpy surface has given better control 

of drifting than cultivating only.’ 

South-western Saskatchewan: “The demonstrations of strip farming for soil- 
le- drifting control on substations has led to the widespread adoption of this practice in 
ed south-western Saskatchewan. In a survey of some eleven townships made in the 

at spring of 1938 it was found that 63-1 per cent. of the cultivated land was under 
an. strip farming and it was estimated that a similar percentage of the land throughout 
1S- the crop-producing areas of this district is under strip farming. In general, surface 
ed cultivation without ploughing is preferable to ploughing-in the tillage of summer- 
on fallow land after such dry years as 1937; however, when little stubble or trash is 
ver present to check drifting, spring ploughing for seed-bed preparation has proved 
ti- superior on many substations to surface cultivation only. Under such conditions 


h ploughing has been found to bury the very loose layer of surface soil, and to bring 
° up sub-surface soil, which retains a partially puddled, drift-resistant condition long 


nd enough to permit some growth of crop.’ 

dle West central Saskatchewan and East central Alberta: ‘Strips vary in width from 5 
nt- to 30 rods, according to soil type. In 1938 little drifting was observed on strips but 
or some drifting occurred on larger fields. Over a period of years, however, strip 
he farming alone has not given complete control of drifting. Suitable cultural practices, 
to in addition to strip farming, are essential for soil-drifting control. Over a four-year 


period surface-tilled fallows have controlled drifting on substations to a greater 
extent than have ploughed fallows, where the soil is of a sandy nature and where 
ad previous moisture conditions produced good trash cover. Ploughed fallows with- 
; stood drifting better than surface-tilled fallows on heavy and medium land where 


no trash-cover was present.’ 
ms Southern Alberta: ‘Very little soil drifting occurred during 1938 on substations in 
1er southern Alberta. In the districts served by some substations, however, severe 
aff drifting was experienced. . . . The value of the drift-control measures, such as strip 
71s, farming and surface cultivation, used on these substations was very strikingly 
il- illustrated. The successful use of strip farming on substations to prevent soil 
of drifting has led to widespread adoption of this practice by farmers in southern 
ed Alberta. Surface cultivation with the duckfoot cultivator and the rod weeder, but 
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without ploughing, to maintain a trash-cover on fallows, is rapidly becoming the 
standard cultural practice in districts where drifting may occur. On heavy stubble 
the one-way disk is used.’ 


Reclamation projects—In addition to the substations, 17 reclamation 
projects Ls] were established to determine and demonstrate the best 
methods of re-establishing crop production on areas which had been 
abandoned owing to soil drifting, or of returning to grass severely drifting 
lands that were submarginal for wheat production. The acreages in these 
projects varied from 180 to 3,200, with a total of 13,178 in the 17 projects. 

Usually the worst situations that could be found were selected for 
reclamation work, as it was thought that if these extreme conditions could 
be corrected any drifting could be brought under control. In addition, 
many of these drifting fields were involving adjoining lands, and it 
appeared that large areas would be eroded and help to fulfil the predic- 
tions of some pessimists that the entire prairies would become a shifting 
desert. Reports made from time to time showed that most of the drifting 
on these projects was brought under control in 1-4 years, depending 
principally on weather conditions, the depth of drift-dunes, and the 
extent of the area. 

The type of problem presented in the reclamation projects together 
with the methods employed and difficulties encountered can be indicated 
by describing the procedure on one of the projects. At Hutton, Alberta, 
200 acres of a sandy loam soil had been out of control for 4 years. The 
field was partly blown bare to the depth of ploughing and partly covered 
with sand from 1 to 3 ft. deep. Several attempts by the owner to 
stabilize the field had been fruitless and he had given up in despair. 

In the autumn of 1935 an agreement was made to assist the farmer 
with the problem. The procedure decided upon was to sow grain over 
the entire area and to cover the dunes and shifting sands with partly rotted 
straw from old straw-stacks near by. Part was treated in this way in 
the fall of 1935 and seeded to autumn rye. This rye seeding failed to 
survive the winter, so the entire area was seeded to spring rye the follow- 
ing spring, and the shifting sand was covered with straw to hold it until 
the grain had made growth enough to protect the soil. A single disk drill, 
used for seeding, threw up sufficient lumps of the hard subsoil to furnish 
protection where the surface was bare of shifting sand. Fortunately, 
some timely showers in May germinated the seed and a good crop of 
rye was produced by the meagre precipitation of that dry year, supple- 
mented by the moisture that had been stored in the soil during the 4 
years that the drifting sand had kept the field free of vegetation. This 
crop was cut with a binder, leaving a high stubble to protect the soil. 
Crested wheatgrass (Agropyron cristatum) was seeded in the stubble. 
The following year, 1937, was very dry and little grass was noticeable. 
However, sufficient Russian thistle (Salsola pestifer) grew to furnish 
protection and in 1938 more rain fell and an excellent stand of grass 
developed from the seeding of 1936. About a ton of hay per acre was cut 
that year and the grass has maintained itself to the present, producing 
pasture or hay when the rainfall has been sufficient. 








wou 


relie 
deey 
for 
cove 
sant 
re-l 


exct 
rod: 
Son 
and 
wel 
furt 
on « 


cult 


Th 
Act 
hel, 
was 
one 


35 


soil 
dri: 
pra 
thr 
tati 


dri 
dri 
anc 
eas 
eas 
sta 
we 
not 
un 
get 


CONTROL OF WIND EROSION OF SOILS IN CANADA 129 


he Straw was used at Hutton to stabilize the shifting sand until the crop 
le would furnish protection. On most of the other projects listing was 
relied upon for this purpose, except where the sand in dunes was too 
deep for the lister to penetrate through into the subsoil to throw up clods 


ma for protection. Where such conditions prevailed either the dunes were 
st covered with straw or they were permitted to level themselves off by the 
ni sand drifting into listed furrows to the leeward, and the area then was 
1g re-listed and seeded. 
Be A modified listing practice was developed where there was not an 
Ss. excessive amount of drift soil. This was to list alternate strips 4 to 8 
OF rods wide through the field, leaving unlisted strips 8 to 10 rods wide. 
Id Some of the loose drift soil was permitted to drift into the listed furrows 
a, and the unlisted strips were cultivated and seeded. When grain was 
It well established on these strips the listed strips were cultivated to fill the 
- furrows and the land was then seeded. (A summary of the results secured 
1g on each reclamation project to the end of 1941 is given in [5, Table r].) 
1g 
1g , eee 
he Agricultural Improvement Associations 
Early in 1935 farmers throughout the prairies began to organize Agri- 

er cultural Improvement Associations (A.I.A.) in order to secure com- 
od munity action on problems arising out of drought and soil drifting. 
a, These associations were assisted under the Prairie Farm Rehabilitation 
he Act by a supervisor of A.I.A., employed by each experimental station to 
ed help foster the organizations in their territory. For a time a small grant 
to was made to each association to provide for incidental expenses. Thirty- 

one of these associations were organized in 1935 with 2,600 members. 
er The number of associations had increased to 228 in 1941, and there were 
er 35,800 members, which is about the present number. 
ed These associations have been a vital factor in the campaign to control 
in soil erosion. They have brought the farmers together to study the 
to drifting problem, to receive suggestions, and to determine methods and 
we practices best suited to their district. Further, they formed a medium 
til through which governmental agencies could function to foster rehabili- 
Il, tation of lands in each district. ‘These associations were especially useful 
sh where soil drifting became a community matter by the soil of one farm 
y, drifting on to other farms and starting them to drift. For example, 
of drifting started in the spring in one half-section farm in southern Alberta 
e- and the prevailing westerly winds blew the drift soil on to lands on the 
4 east, starting them to drift. Soils from these fields in turn started fields 
is east of them until g,000 acres became involved. None of the farmers could 
il. stabilize their own lands until drifting was stopped on the fields to the 
le. west. The tenant operator of the farm where the drifting started was 
le. not inclined to use the measures necessary to bring his land under control 
sh until the officials of the A.I.A. brought all of the interested parties to- 
SS gether at a conference at the experimental station where each party was 
ut shown his responsibility and a programme of control was arranged. 
ng Within 3 weeks the entire problem was solved. 


Similar situations, with various modifications, were met successfully 
3988.51 K 
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by associations in all parts of the drought area. It is estimated [6] that 
severe drifting was controlled in this way on some 300,000 acres in 
Alberta and Saskatchewan. 

The associations also were agents in distributing grass-seed furnished 
by the Dominion Government for establishing seed-plots to secure grass- 
seed for seeding-down lands submarginal for grain production. ‘They 
requested and distributed listing machinery lent by the experimental 
stations and in numerous ways contributed to the mammoth undertaking 
of bringing the drifting soils of the prairies under control. 


Investigational work 

In addition to demonstrational work in wind-erosion control, the 
acquiring of additional information on the problem has been one of the 
major objects of those charged with the administration of the P.F.R.A., 
especially the Dominion Experimental Farms system. 

Much of the demonstrational work already described was experimental 
as well as demonstrational for, as stated, the methods used in the main 
were those developed in southern Alberta and it was not fully known 
how effective they would be in other localities. Thus strip farming, 
ploughless tillage, and other cultural practices demonstrated on the sub- 
stations, were in themselves experimental in many localities, although 
they had been thoroughly tested in southern Alberta. 

In addition to the testing of existing practices other definite projects 
to study soil erosion were developed on all of the Dominion Experi- 
mental Stations, substations, and reclamation projects. A soil-research 
laboratory was established at Swift Current, Saskatchewan, for studying 
fundamental problems connected with wind erosion and related subjects. 
A forage-crops laboratory was establishedin co-operation with the 
University of Saskatchewan at Saskatoon, Saskatchewan. The Dominion 
Forestry Nursery Stations at Indian Head and at Sutherland, Saskat- 
chewan, co-operated in determining the value of shelter-belts of trees. 
Soil surveys were undertaken in co-operation with the provincial univer- 
sities to classify and map the entire area included under the P.F.R.A., and 
under similar arrangements economic surveys were made of problem 
areas to determine what lands should be considered as unfit bor grain 
farming and should be returned to grass. In addition to these agencies 
a committee called the Regional Committee on Soil Drifting was ianad 
under the chairmanship of the Associate Director of Experimental Farms, 
Ottawa, and composed of officials of the Dominion and Provincial 
Departments of Agriculture and members of the agricultural faculties of 
the universities of the prairies. ‘The committee has met periodically to 
review the situation and to correlate information and practices. 


Discussion 
It would not be feasible to present here all the data derived from investi- 
gations. In fact, although considerable information has been accumulated, 
much of it was secured from observations and experience that could not 
be accurately measured. Actual data are reported in bulletins and cir- 
culars and in the Annual Reports on Cultural Activities under the 
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hat | P.F.R.A. issued by the Experimental Farms Service, Department of 
-in | Agriculture, Ottawa. It is thought best here to present a brief descrip- 
tion of the wind-erosion control measures adopted as a result of the work 
1ed | done. This seems justified as it appears that measures have been found 


iSs- for controlling any soil-drifting that has been encountered on the 
hey | Canadian prairies. 
ital Summer-fallowing—Much of the wind erosion occurs on summer- 


ing } fallowed lands, which occupy more than one-third of the cultivated 
acreage of the prairies. ‘The need for summer-fallowing, to conserve in 
the soil part of the moisture of one year to carry over for the use of 
the next year’s crop, appears so well established that fallowing is quite 


the | sure to continue on an important scale. For this reason most of the 
the control measures must be directed to the handling of summer-fallows. 
A., Strip farming.—The purpose of strip farming (Fig. 1, Plate 4) is to re- 

duce the width of fallowed fields and so decrease the erosive effect of the 
ital wind action. This is accomplished by dividing the fields into strips, plant- 
ain ing part of them, and fallowing intervening strips. Strips 4 to 10 rods wide 
wn have been found most suitable for difficult conditions, and wider up to 20 
ng, rods where the drifting is less severe. Careful operators have handled 
ib- 30-rod strips successfully. Strips have been most effective when extended 


igh approximately at right angles to the prevailing winds. Fields are only 
slightly more difficult to operate in strips than in large blocks except 
cts where they are broken up with hills, sloughs, or gullies. The practice 


2ri- has not been feasible on some rough lands. 
rch The principal obstacle encountered has been the increased difficulty 
ing of combating wheat-stem sawflies, as the flies emerging from the cocoon 
ots. in the stubble of the fallowed fields have to fly only short distances to the 
the growing wheat on stripped fields. A trap strip of spring wheat of one 
ion drill width, sown ten days before the main crop and separated from the 
at- crop by a strip of fallow the width of a cultivator, has been helpful in 
es. localities where infestations have not been too severe. Where sawfly 
er- populations are heavy, some investigators [8] and farmers have success- 
ind fully met the situation by fallowing the entire field except for narrow 
em strips seeded to a non-host plant, such as oats, and thus cleaning the 
ain entire field for wheat the next year. Varieties of wheat resistant to 
‘ies sawflies are being developed [9] that may go far toward solving this 
1ed problem. 
ns, Trash-covers and ploughless fallowing.—Fallowing without ploughing 
cial the land has been an effective method of conserving soil moisture and 
of controlling weeds. ‘Tests over periods of 5 to 16 years have shown little 
to difference in grain yields following ploughless tillage and the ploughing 
of fallows. Ploughle ess fallowing has been effective in preventing wind 


erosion where sufficient stubble or other plant-residue has been left on 
the surface (Fig. 2, Plate 4) to protect the soil against wind action. 


sti- The amount of trash left on fallows has depended on the original amount 
ed, of plant-residue and the effectiveness of the cultivation practice in leaving 
not it on the surface while preventing weed-growth. 

ir- Much has been done to develop cultivation methods and machines for 
the killing weeds without burying the plant-residues. The one-way disk 
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has been used extensively and is satisfactory where a heavy stubble is 
present; otherwise it may cover the material too completely. Blade 
cultivators leave the trash on the surface and so are preferred where 
they will operate. Ordinary field cultivators clog in heavy stubble or in 
tangling weeds, but heavy cultivators (Figs. 3, 4, Plate 5) have been 
devised with high shanks and heavy long blades that will ass under 
almost any amount of trash and leave it on the surface. These cul- 
tivators are gaining favour in the drier areas where they are helping 
materially in erosion control, but are not popular where rainfall is more 
plentiful as they do not kill weeds well unless the soil is dry. 

Where ploughless tillage has not left a sufficient trash-cover the soil 
must be protected by other means. Ploughing is resorted to frequently as 
the final operation of the season to turn under the dust-mulch left by the 
summer tillage, or the fields are ridged with a cultivator or lister. 

Cover crops.—Spring grain at the rate of 2 pecks per acre is sown on 
fallows in late July in some districts where rainfall is fairly good, especially 
in and near the foot-hills of the Rocky mountains in Alberta. These cover 
—_ grown from 12 to 18 in. high, protect the soil against autumn, winter, 
and early spring drifting, and are used for pasture in autumn and early 
winter. They are not favoured in dry localities, as the moisture used by 
the late growth decreases the yields of the crop the following year if the 
season’s moisture is deficient. 

Rotations.—Rotating grasses or legumes with grain is practised but little 
on the semi-arid open prairies, except to a slight extent on the fringe where 
the prairies blend into the park- and bush-lands, because in these more 
humid conditions forage crops are more economically produced. Leg- 
umes have had little lasting value in increasing the resistance of the soil 
to erosion after the crop is ploughed up, but grasses have been helf ful, 
especially crested wheatgrass. This grass supplies more fibre, and its 
fibre retains its soil-binding power longer after the sod is broken than 
any other grass used. Fortunately, crested wheatgrass has proved to be 
well adapted to the driest localities and there is an increasing tendency to 
use it in long rotations with grain in marginal areas where grain is grown 
as an adjunct to live-stock ranching. 

Re-grassing.—Several million acres of prairie that have since proved to 
be unsuited for grain production were broken for grain-farming in the early 
days of settlement. Much of this had been abandoned and reverted to the 
Crown for taxes. Ownership had been retained on some acreages where 
grain farming had been discontinued, and farming was continued on some 
lands that were not suitable for the purpose. Most of these lands were 
unsuitable because the soils were sandy and of low water-holding capacity. 
Where abandoned soils were sandy, drifting usually was an associated 
problem and it had to be stopped before re-grassing was possible. This 
was assumed as a governmental responsibility on Crown lands, and 
assistance was given to private individuals by supplying advice as to 
procedure, and in some instances crested wheatgrass seed was furnished 
for re-seeding such lands. 

Extensive experiments with re-seeding have shown crested wheat- 
grass to be the best suited of any variety available for re-grassing such 
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lands. The last week of August or the first half of September appears to 
be the optimum time for seeding, with late October or early spring as the 
second choice for the dry localities where summer droughts may kill the 
grass seedlings if they are not well established. Seeding in drills 12 in. 
apart and not more than } in. deep, using 6 lb. of seed per acre, is the 
recommended seeding practice. Brome grass (Bromus inermis) has been 
used successfully in the wetter districts. 

Shelter-belts.—Shelter-belts of trees and shrubs have proved helpful in 
wind-erosion control where moisture and soil conditions favoured tree- 
growth. Caragana has been the principal shrub used, with green ash and 
some elm and maple for 7 Some widespread experimental 
plantings have been made by four Field Shelter Belt Associations located 
at Lyleton, Manitoba; Aneroid and Conquest, Saskatchewan; and Porter 
Lake, Alberta. By the end of 1942 these associations had planted 
5,920,507 seedlings in a total of 698 miles of shelter-belts [6]. A total 
of 14,361,296 trees has been planted under P.F.R.A. auspices. 

As to the influence of shelter-belts on wind velocities, a report of the 
Soil Research Laboratory [7] states, ‘A dense belt of trees 25 ft. in height 
will cause a reduction in wind velocity and evaporation to a distance of over 
400 ft. to the leeward. The reduction will be greatest near the shelter- 
belt, with a velocity at 200 ft. approximately one half of that in the open.’ 

Emergency measures.—Occasionally, owing to carelessness or miscal- 
culations, proper control practices have not been employed and soil 
drifting ensues. This creates a situation where emergency measures 
become imperative. 

Fortunately, as previously stated, methods have been developed that 
have met any situation so far encountered. Seldom does severe soil 
drifting develop without warning and by watching for the first signs of 
soil movement and applying corrective measures at once, serious trouble 
can be avoided. Generally, spots here and there in the field begin to show 
signs of shifting. Some manure applied on such spots, or roughing with 
a cultivator, has prevented further trouble. 

Where the soil over large areas has started to move, it has been checked 
by roughing, riding, ploughing, or scattering straw over the entire area 
involved. It has been necessary to start on the windward side and to 
work to the leeward, entirely stabilizing the soil in the process. The kind 
of methods employed has depended on the severity of the drifting, the 
kind of soil, and whether or not there was a crop on the field. Where a 
grain crop had started to grow and the soil movement was light, rough- 
ing with a spike-tooth-harrow has controlled the situation at times, but 
usually more vigorous action has been necessary. Ploughing ridges at 
intervals has saved many fields, and in extreme cases the listing of strips 
has been required or the entire field has required listing. Straw- 
scattering has frequently been used where straw was available and if 
properly done has been very effective. 


Summary and Conclusions 


1. A review is made of the development of practices for the control of 
wind erosion of soils on the Canadian prairies by the Experimental 
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Farms Service of the Dominion Department of Agriculture under the 
Prairie Farm Rehabilitation Act. 

2. Almost calamitous drifting of soils occurred during the long drought 
period of 1931-7, but methods were found that met almost every 
situation encountered. 

3. The extensive practice of summer-fallowing to conserve moisture 
for the succeeding year’s crop left large acreages bare, and is the prin- 
cipal contributing cause of wind erosion. 

4. Strip farming of alternate strips of crop and fallow has been very 
helpful and is now practised extensively in several localities. Wheat- 
stem sawfly damage - been aggravated by stripping fields and in some 
districts has reduced or entirely discouraged the practice. Methods for 
controlling sawflies are developing. 

5. Ploughless. tillage to preserve plant-residues on the surface as a 
trash-cover protection has been lution where sufficient stubble or 
other material was present to protect the soils. Blade machines have 
been devised for cultivating without covering the plant-residues. 

6. Cover crops of spring grain seeded in late summer in sub-humid 
areas have protected the soil in autumn, winter, and spring. The autumn 
crops furnish excellent pasture. 

7. Crested wheatgrass in dry areas and brome in wetter localities are 
used for seeding-down lands unfit for tillage. Rotations are used to 
some extent in sub-humid sections. 

8. Shelter-belts of caragana and some green ash, elm, and maple are 
used successfully where climate and soil conditions are satisfactory. 

g. Emergency measures have often been required where improper 
practices have permitted erosion to start. The principal methods used 
were: ridging with cultivators, ploughs, or lister; ploughing under dust- 
mulches; roughing fields; and applying manure or straw. 
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Fic. 1. Strip farming in Southern Alberta. Dark strips are fallows recently 
seeded to wheat. Light strips are wheat stubble before receiving the first 
cultivation for summer-fallowing. (Aerial view) 











Fic. 2. Wheat stubble after the first cultivation for a ploughless summer- 

fallow. The left part of the field has been cultivated with V blades and the 

right with a straight blade. Both cultivations have killed the weeds and left 
the stubble almost intact 
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Fic. 3. Heavy blade-cultivator used for ploughless tillage of summer-fallows. 
V blades, straight blade, and V weed-rods. V blades on machine, straight f 
blade, and V weed-rod attachments behind 0 





Fic. 4. V-blade-cultivators making the second cultivation on a fallow. Note 
the heavy trash cover left for soil protection 
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IRRIGATION AND MANURING OF CULTIVATED SOILS 
AND NATURAL HUMIFICATION IN THE SAHARA 


C. KILLIAN 
(Director of the Laboratory for Saharan Biology at Beni Ounif, Southern Oran) 


[Translated from the French] 


THE immense expanse of the French Sahara comprises 180 million 
hectares that cannot be cultivated owing to adverse climatic and water 
régimes, including therein the scarcity of rain and of underground water. 
The rainfall and hydrographic conditions conduce to human settlement 
on barely 20 million hectares. In the north, where winter rains are 
relatively abundant, 1-5 mill. ha. are covered with a steppe vegetation 
in which alfa (Stipa tenacissima) predominates; but only on 30,000 ha. 
do both topography and rainfall present conditions suitable for the 
cultivation of cereals—in what is known as the daias region. More to 
the south, water on the surface is rarely adequate for cultivation, but 
not infrequently underground waters suffice in limited areas for growth 
of the date-palm (Phoenix dactylifera). ‘The total area of such date oases 
is about 60,000 ha. 


Pastures 


Irrigation is difficult outside the regions just mentioned, and the 
natives rely on pasturage for sheep and camels. The only possible 
methods of increasing the productivity of such arid pasture soils are to 
encourage the dominant indigenous plant species or to acclimatize suitable 
new species. 

No solution has been found in acclimatization, because the difficulty of 
providing sufficient moisture for all phases of growth and development 
of plants on these unirrigable soils has proved insurmountable. ‘Trials 
of ——— promising new species have therefore been confined to 
experimental stations and have had no practical outcome. Regeneration 
of existing grazing land is of the first importance. In recent years it has 
come to be widely realized that overgrazing always reduces the quality 
and the yield of pasture and that persistent overgrazing leads to the 
complete destruction of the pasture. We have seen gullying go from 
bad to worse on bare-grazed soils and are witnessing the diminution 
and disappearance of the small amounts of organic matter which they had 
accumulated. 

The Algerian Government is resolved at all costs to conserve the 


1 Daias are shallow basins or depressions in the desert where storm-water accumu- 
lates until it sinks into the ground; many owe their origin to solution of limestone. 
They may occur in a series of which the members are separated by low ridges or 
stretches of plain. Daias have no excessive accumulation of salts as in the chotts (salt 
lakes). The soils of daias are of fine texture and are fertile. The natural vegetation 
of daias includes brushwood consisting of Atlantic turpentine-tree (Pistacia atlantica) 
and jujube (Zizyphus lotus), as well as herbaceous plants such as turkey-red plant, 
chenopods, desert grasses, etc.—Edit. 
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vegetative cover of the steppes and to restore it wherever it is receding. 
The Government has taken measures to defend the soil of certain grazing 
areas as the only possible means of bringing them back into effective use. 
The entire grazing industry, which is of vital importance over an enor- 
mous extent of southern Algeria, depends upon the success of these 
measures. 

It has furthermore been proposed to extend the area of land for grazing 
by bringing in land on the margin of cereal cultivation and which fails on 
account of adverse climatic conditions to reach the ultimate stage of its 
development. Such grain soils and some similarly unprofitable marginal 
areas occupied by lucerne, as well as some alfa plantations on the edge 
of the cultivable areas, may usefully augment the resources available to 
the herdsmen. 


136 


The Date-palm and Associated Irrigated Crops 


In addition to devoting itself to the work outlined above the Agri- 
cultural Service gives much attention to improving the cultivation of 
date-palms. For this purpose two experimental stations have been set 
up: one at Ain Ben Noui in the Ziban region, the other at El Arfane in 
the Oued Rhir. The first thing was to supply the gardens with enough 
water for the maximum yield of dates. ‘The rate of water-supply has 
been fixed at 1 litre per minute for every three or four palms. If irrigation 
is performed in the absence of drainage the greater part of the water 
evaporates and that fraction of it which penetrates the soil takes u 
much salt, which then rises and crystallizes on the surface of the soil. 
The date-palm is fairly salt-tolerant but cannot tolerate more than 1 per 
cent., hence proper drainage must be provided to avoid a toxic concen- 
tration in the water and to remove excess salt if it is present. In otler 
words, irrigation and drainage are complementary. 

The limitation in the space under command leads to a very great 
intensity in the utilization of that space, every square metre of irrigable 
soil being made use of, not merely on the surface but also wherever 
possible above it as well. The date gardens are interplanted with easily 
grown hoed crops, such as beans, and with fodder crops such as beets 
(both mangolds and semi-sugar types are grown), and also with crops 
which cover the ground closely like lucerne, berseem (Alexandrian 
clover), and, especially, cereals. ‘The intense sunlight of the south makes 
it possible to maintain also some low-growing fruit-trees among the 
other crop plants. In particular, oranges and some other citrus species 
without too-extensive root-systems can be accommodated in the limited 
space; this system of growing two or three stories of mixed crops has 
led to the evolution of bush varieties especially adapted to the Saharan 
climate. Apricots give good yields, and so do figs. 


Cultivation Operations 


The soil of these gardens is originally very poor, and to maintain the 
dense growth which the soil is called upon to support, constant attention 
must be given to its physical and chemical properties. Continuous 
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irrigation tends to decrease soil aeration, and finally inhibits it; and 
irrigation by flooding, such as the natives perform from surface channels, 
causes great harm to the physical condition of the soil. Excessive irriga- 
tion, moreover, leads to serious losses of plant nutrients, especially in 
winter. Consequently, frequent working of the soil with the hoe is 
recommended. A common practice is to dig trenches around the date- 
palms every few years and at different places, and to put manure into 
the trenches before filling them in. By this means carbon and nitrogen 
are supplied to the desert soil, in which the principal deficiency is a lack 
of humus. 


Organic Manures 


The preferred form of manure is the dung from stationary flocks of 
sheep and goats. In the south camel dung is gathered along the caravan 
tracks and 1s dug in around the date-palms. Since the earliest times the 
natives have used night-soil as manure and they occasionally make use 
of bird-dung. Cow-dung, which is reputed to be the best form of manure 
for maintaining soil moisture and for assisting the action of chemical 
fertilizers, is too scarce in the desert to merit much consideration. With 
but few exceptions all the substances of animal origin just mentioned 
are in greatly insufficient supply. The lack has been made good by using 
dried grass and vegetable wastes of all kinds derived from the oasis 
gardens. ‘These materials are composted in trenches about 6 metres 
long, heaps being made with alternate layers of rubbish about go cm. 
thick and layers of animal manure to cm. thick; the whole mass is 
copiously watered and cyanamide is added. Fermentation begins on 
the fifth day and an excellent manure results. At Ain Ben Noui, where 
this method of composting was tried, the finished compost was hoed 
into the soil at the rate of 200-250 kg. per palm during July, that is, at 
a time when the fruits were rapidly filling out. 


Inorganic Manures 


As any kind of organic matter applied to the soil is soon burnt up 
under Saharan conditions, the addition of inorganic materials to supple- 
ment the animal manures is indispensable. It is, however, necessary 
to adjust the fertilizers to the soil, bearing in mind the poverty of the 
latter. 

After numerous trials a range of formulae for mixed artificials has 
been evolved, the different mixtures being adapted to the needs of the 
understory crops and also varying with the age of the date-palms. It is 
unnecessary to give details of the composition of these various mixtures: 
suffice it to say that the formulae must supply a balanced mixture of 
nitrogen (partly as nitrate, partly as ammonia) as well as phosphate and 
potash. Chloride is inadmissible (though sylvinite is much used in the 
north); and a good concentrated fertilizer will contain 10 parts of nitro- 
gen, 10 of phosphorus, and 20 of potassium (as sulphate). This fertilizer 
is used even on porous soils, being given in three applications at the rate 
of 1 kg. per tree. The fertilizer is first applied between January and the 
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end of June over the whole surface after heavy watering; and again in 
October and November so as to resuscitate the trees after harvest. 
The effect of the fertilizer is especially manifest on young sets. On 
bearing palms it hastens the ripening of fruit by two or three weeks; 
it also confers increased vigour on the trees and makes them more 
resistant to pests. It has been observed that trees to which fertilizer 
has been applied are less prone to attack by the scale insect Parlatoria 
Blanchardi. No difficulty is encountered in using fertilizers on non- 
saline soils, but where salt is the dominant factor the use of animal 
manure is imperative, because it offsets the effects of salt, and if the 
dung is strawy it slows down or arrests the efflorescence of salts on the 
surface of the soil. 


Green Manures 


The lack of animal manure in the desert accounts for green manures 
being so much sought after. It has been necessary to select native plants 
which could be used both for forage and as soil improvers after 
ploughing-in. For this purpose Temacine lucerne, which is specially 
adapted to saline soils, and berseem have both given good bel In 
addition to these, any common garden plant of rapid growth, notably 
the crucifers (e.g. mustard), can be used to advantage as green manure. 

To sum up, the manuring of Saharan soils must be based on the 
following principles: For lack of sufficient animal manure, dead or 
green plant material must be used; this begins to decompose as soon 
as it is incorporated in the soil along with animal excrements. Such a 
mixture of fertilizing materials of both animal and vegetable origin 
should be applied during a relatively cool part of the year and must 
always be supplemented by a complete concentrated artificial fertilizer. 


A Special Case of Humification in the Desert 


The conclusions given above were reached after many years of experi- 
mentation and after centuries of rule-of-thumb practice. None of them 
is new in principle, and in fact in some of the natural soils of the desert 
humification proceeds exactly in the way indicated. A very special 
instance of this has come under observation in southern Oran in the 
neighbourhood of the Laboratory for Saharan Biology at Beni Ounif. 
The landscape is definitely desert, having an annual rainfall of only 
80-100 mm. In this dried-up region many sandy hummocks or low 
hills remain to attest a considerable fluvial activity in the past. The 
natives call these hummocks nebka to distinguish them from the big 
aeolian dunes which they call erg. The hummocks are furthermore 
differentiated from the dunes by the constant presence of the thorny 
shrub Zizyphus lotus (jujube) on the former. This provides a thick canopy 
of which the density is increased by the plant’s habit of sending up 
suckers from its roots. Litter accumulates under the tree but is continu- 
ally worked over and comminuted by the fauna peculiar to the hummocks. 
This fauna includes jerboas as well as insects; among the latter the 
caterpillars of Tineid moths deserve mention. This layer of thorny litter 
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on the nebka forms a little world in itself quite distinct from that of the 
desert which surrounds it. 

Breakdown of the litter goes on slowly but continuously from autumn 
until almost high summer. At the height of summer the absence of rain 
and a rise in average temperature to over 25° C. stops humification. 
At this stage humification of plant residues gives place to animal manur- 
ing: in summer the jerboas deposit their excrement outside their 
burrows. The animal manure thus supplied differs from the components 
of the vegetable litter in being very rich in mineral matter, particularly 
potassium and nitrate-nitrogen. 

Humification being restricted to a very shallow horizon, a ‘fermenta- 
tion layer’ is created; and the properties of this layer are sharply defined 
by the presence of the detrital materials. This is shown by the range 
of the successive microbial processes, which I have been able to follow, 
step by step: 

oluble sugars begin to diffuse out from the fallen leaves as soon 
as they reach the ground, and this carbohydrate matter stimulates the 
growth of saprophytic microbes and nitrogen-fixing organisms. In this 
manner an appreciable gain of nitrogen comes about—the maximum of 
nitrogen gain being in spring, after which the rate of gain declines owing 
to an onset of intense ammonification. The percentage of organic con- 
stituents rapidly decreases, and during this initial period only the 
hemicellulose accumulated by the micro-organisms shows an increase. 
A little later the nitrogen-fixing organisms give way to cellulose- 
decomposing species of microbes, which find optimal conditions in the 
presence of moderate amounts of assimilable nitrogenous salts, a trace 
of lime, and thorough aeration of the soil. 

However, the slow accumulation of vegetable debris which brings 
ammonification in its train gradually reaches the point at which nitrogen- 
fixation begins to diminish; this happens when there is more than 10 
per cent. of detritus. Azotobacter is replaced by nitrifiers. ‘The nitrifying 
process reaches its apogee towards summer, the nitrifying species being 
able to remain active even when the moisture-content [of the medium] 
is as low as 5 per cent. Nitrification is encouraged by the increase of 
ammonium salts; and, as a result of this interplay, humification reaches 
its ultimate and not least important stage—the complete mineralization 
of the detrital matter. When this stage is reached the plant residues 
have completely disappeared and are replaced by animal exuviae and 
excreta. The principal differences between the vegetable and animal 
wastes lie in the lower lignin-content of the latter (since lignin largely 
disappears in the rodent intestine) and in the more intensive mineraliza- 
tion of the animal matters. 

Mineralization of the animal matter, as of the plant material, ceases 
in summer for lack of moisture. By that time, however, a considerable 
amount of readily assimilable plant-nutrient compounds has been ac- 
cumulated. This fact may explain why all the various microbial processes 
start off again at high intensity with the first rains of autumn. 

To sum up: The natural manuring of the nebka sands proceeds just 
as in the manurial trials of Ain Ben Noui. At the beginning of the hot 
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season the moist plant-residues acquire fertilizing value, thanks largely 
to the incorporation of animal excreta and to the activity of mineraliza- 
tion in them. The complex manure thus obtained is dug into the soil 
at the time of the winter rains, or more usually when the first rains of 
autumn come, just when microbial activity is at its peak. 


New Directions for Experiment 


To hark back to our starting-point—the irrigation and manuring of 
crops in the oases: The Saharan soil, being naturally very poor and 
nowhere containing any important stock of nutrient reserves, must be 
made to yield as much as possible for a minimum consumption of water 
and manures. The first thing that was tried to this end was to space out 
the irrigations; but this procedure affects the intercalary annual crops 
by influencing the periodic cooling and warming of the soil. This is 
the reason why in a torrid climate irrigation is never performed when 
insolation is maximal; the water coming into contact with the dry soil 
would suffer a sharp rise of temperature harmful to annual plants. 
On the other hand, by spacing out irrigations in summer the soil 
temperature might rise too high, and therefore irrigation in the morning 
would be advisable. In contrast, in winter irrigation should be in the 
evening so as to reduce radiation at night and lessen the danger of frost. 

A further disadvantage of spaced irrigations is shown in their effect 
on the salting-up of the soil. It is thus necessary to keep a balance 
between these two operations, always bearing in mind that soil saliniza- 
tion is the chief cause of set-backs in the oases. So far as vegetable plants 
are concerned, this drawback can be offset by more frequent stirring of 
the soil. 

To return to the experimental work on the palms alone: With the 
object of attaining as much precision as possible the Agricultural Service 
decided to vary simultaneously the rate and frequency of the irrigations 
and to lead the water over a definite area, the quantities of water per- 
colating to different depths and per unit of surface being measured. 
Such determinations are highly necessary, since for any given soil the 
extent of infiltration will vary at different times of the year, and will be 
more particularly affected by the inherent characters of the soil, the kind 
of cultivation given to it, and the amount of plant cover on it. 

From our point of view the most important experiments on irrigation 
will be those in which irrigation and manurial trials are combined. If 
each manured plot is halved by a drainage channel, some part of the 
fertilizer elements will be removed and in this way the [effective] amount 
of manure can be reduced at will. It is also proposed to round off these 
combined manurial and irrigation trials by measuring the growth of the 
date-palms and by recording their yield of fruit. Lastly, chemical 
analysis will show how the nutritive value of the dates is influenced by 
the manuring. 


(Received September 6, 1944) 
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THE EFFECTS OF MANURIAL TREATMENT ON THE 
GROWTH OF WEEDS IN TEA 


T. EDEN AND T. E. T. BOND 
(Tea Research Institute of Ceylon) 


THE traditional method of suppressing weed-growth on Ceylon tea planta- 
tions is to hand-weed them once a month. Even at high elevations there 
is no cold period when cultivation operations can check annual weeds 
as is possible in NE. India. Indeed, cultivation has the effect of pre- 
paring a favourable seed-bed for the better germination of buried seeds. 
On the eastern side of the mountain divide, where only the NE. mon- 
soon prevails, dry weather causes a temporary check, but the land during 
this period is too dry to allow cultivation to be carried out without 
damage to the tea-roots. On the western slopes, in which region this 
Institute is situated, there is no period when weeds do not grow actively. 
Some weeds have so short a growth-cycle that they are able to reach 
maturation between consecutive weeding operations, and consequently 
there is always an abundant supply of viable seeds in the surface soil. 

Weeding, unless done with care, produces soil erosion, and as a 
counter-measure various schemes of selective weeding have been tried 
leaving a cover of those weeds which have a spreading habit and are 
presumed to be harmless. Grasses are invariably taken out. On the 
Tea Research Institute’s estate all other species are removed except 
Polygonum nepalense. More comprehensive schemes of selective weeding 
have so far met with little success, since they are often as troublesome 
and expensive to operate as clean-weeding and are commonly held to 
result in loss of crop. The Institute’s experiments on this subject over 
a period of 7 years showed a crop loss due to a mixed weed-cover of 
8-6 per cent. in the first 3-year period and of 1-5 per cent. in the fol- 
lowing 4 years [1]. Weeds and their management are a continual 
problem to the tea-planter, who, in addition to fearing loss of crop, 
regards the untidy appearance of weed-infested fields as an offence. 

Of late years complaints about the prevalence of weeds have become 
frequent. The view has been constantly expressed by estate super- 
intendents that changes in the type of manure in use were responsible. 
In particular, special attention was focused on groundnut cake, which, 
because of war-time restrictions, has been extensively used in place of 
sulphate of ammonia. The pruning in a long-standing factorial manurial 
experiment in 1943 provided a suitable opportunity for starting a general 
study of the influence of manuring on the growth of weeds in tea. 

This manurial experiment has been in existence since 1931, having 
completed four 3-year pruning cycles at the beginning of the weed 
investigation. The present manurial applications (lb. per acre), which 
have been in operation since 1937, are combinations of N40, N6o, N8o: 
Ko, K20, K4o: Po, P30, P6o. The different levels of phosphate were intro- 
duced only in the second cycle of the experiment, commencing in 1934, 
whilst the nitrogen levels during the whole of the first two cycles were 
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uniformly lower by 40 lb. From the start the nitrogen was given in 
three forms, sulphate of ammonia, groundnut cake, and blood meal, and 
these were not distinguishable in their effect on tea. Accordingly, when 
phosphatic manuring was superimposed no attention was required, or 
given, to the orthogonal relationship between phosphate and qualitative 
nitrogen treatments. Fuller details of design are given in previous 
publications [2, 3]. 

For the —— of the weed investigation a single replication only 
was used, of 27 plots, each measuring ;4 acre. The tea is grown in lines 
4 ft. apart with one 3 ft. apart in the lines. Alternate rows (i.e. the 
spaces between the lines of tea) only are manured on any one occasion, 
and the weed observations were confined to rows which had received 
no manure for the previous 12 months. When the investigation was 
started in May 1943 the tea had recently been pruned. The prunings 
stacked in the rows had been carted away and the fallen-leaf mulch 
forked in, leaving most of the soil surface bare and in a favourable 
condition for the rapid growth of weeds. 

For agricultural reasons it was inadvisable to allow unrestricted weed- 
growth over periods longer than about 3 months; therefore the weeds 
were allowed to grow in two such periods only, roughly a year apart, 
with the normal monthly weeding rounds (i.e. taking out everything 
except Polygonum nepalense) in the interval. The full schedule of opera- 
tions was as follows: 

Tea pruned: April 26, 1943 

Rows cultivated: May 15, 1943 
Weeded and weighed: August 26, 1943 
Monthly weeding rounds: August 1943 to April 1944 
Rows cultivated: April 26, 1944 
Final observations: July 21, 1944 

The data presented fall into two main divisions, relating to the general 
agricultural effects and to the botanical effects respectively. 


| First period without weeding 


Second period without weeding 


GENERAL AGRICULTURAL EFFECTS 


In this section the weeds are regarded as a single entity without 
reference to their botanical composition. They will be considered from 
the following points of view: their general agricultural effect as shown 
by their bulk; their chemical composition with respect to nitrogen, 
shioudunie acid, and potash, and their potentialities for removing 
nutrients from the soil; their behaviour briefly compared with that of 
the tea on the same plots. 


(1) Effects on the Yield of Weeds as a Whole 

On August 26, 1943, after 3} months’ unrestricted growth from 
cultivation, the plots were clean-weeded. The weeds were spread out 
to allow the soil on the roots to dry, and then each lot was passed over 
a mechanically operated green-leaf sifter having a }-in. mesh. ‘This 
sifted out soil and stones and a small quantity of decomposing leaf, and 
delivered the clean material for weighing. The weeds at this stage were 
wilted but not dry and, after weighing, 4 random samples were taken 
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from each plot for mean dry-matter determinations. On the basis of 
these oven-dry weights the yield figures were reduced to dry matter 
per acre. 

To ascertain the effect of groundnut cake on weed-growth, a com- 
parison was made between plots receiving this form of nitrogen, and 
others receiving sulphate of ammonia in equivalent amounts. Owing to 
the design of the experiment, a small orthogonal set of 5 each had to be 
picked out from the 27 plots; and the accuracy of the comparison 
suffered. The results show that the yield of weeds from groundnut cake 
was 483 lb. per acre and from sulphate of ammonia 473 Ib. [4]. Despite 
the paucity of the data on this point, there is no reasonable doubt that 
groundnut cake exerts no special influence on weed-growth, especially 
in view of the more accurately determined responses that are shown 
below. It is worth noting, in parenthesis, that direct germination tests 
have given no support whatever to the view that groundnut cake may 
contain viable weed seeds [5]. 

The yields for the main treatments with nitrogen, phosphoric acid, 
and potash are given in Table 1. Each main effect has an internal 
replication of 9, though no two individual plots are exactly duplicated. 
The appropriate error values have been calculated by Yates’s method 
for single replications of factorial experiments [6], here and throughout 
the investigation. 


TaBLe 1. Yields of Weeds for various Manurial Treatments 
(lb. dry matter per acre, May—August 1943) 





Nitrogen Phosphoric acid Potash 
(lb. N per acre) (lb. PO; per acre) (lb. K,O per acre) 
Ngo | N6o | N8&o-| Po | P30 | P60 | Ko | K2o | K4o 





387 | 440 | 525 | 169 | 587 | so7 | 483 | 417 | 452 





Significant difference: P < 0-05, 131 lb.: P < o-or, 251 |b. 


Potash manuring has had no significant effect on yield. Nitrogen has 
given a moderate response which is almost linear. Phosphoric acid 
has shown a remarkable effect, almost entirely limited to the first incre- 
mental dose. Responses as large as these are obvious without recourse 
to weighings. The weed margins between plots with and without phos- 
phoric acid were sharply defined in both years and were easily datin- 
guishable at a distance. 


(2) Effects on the Chemical Composition of the Weeds 

Bulked dry-matter samples from each plot were analysed for their 
content of nitrogen, phosphoric acid, and potash. The manurial effects 
were as striking in these data as in yields. ‘The absolute values are of 
little interest, and to save space only the responses are tabulated. The 
are shown in terms of the linear response and curvature (e.g. P6o--Po 
and Po+P60—2P30) (‘Table 2). As with yields, the main response is to 
phosphatic manuring, but whereas the former showed marked curvature, 
the P,O;-contents show practically none. Even when the more liberal 
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dose of phosphate is ineffective in increasing yield it exerts a propor- 
tionate effect on the composition of the plant. 


TABLE 2. Composition of Weeds under various Manurial Treatments 
(mg. per 100 gm. dry matter) 





Nitrogen | Phosphoric acid Potash 
(mean 1,894) -——— (mean 610) (mean 3,457) 
Linear Curva- Linear Curva- Linear Curva- 
Effect of response ture response ture response ture 
N 95 27 31 30 262 247 
P —282* 202 501* 50 268 —490 
K 64 24 8 18 373* —693* 
Sign. diff. 
P = 0°05 207 358 68 118 gn 544 





* Significant response. 


The addition of nitrogen as manure makes no significant difference 
in nitrogen-content. It is possible that any additional nitrogen that is 
absorbed, as a result of enhanced cents Pima is rapidly mobilized 
for further growth and contributes to the yield response already de- 
monstrated, without substantially affecting the nitrogen-content of the 
tissues. By contrast, the increasing doses of phosphoric acid have 
decreased the nitrogen-content of the weeds in a substantially linear 
manner. Since the phosphoric acid has so large an effect on weed-yield 
it may be that, with a constant average level of nitrogenous manuring, 
reserves of nitrogen in the weeds are drawn on to make the extra growth 
possible. 

The influence of potash manuring on potash-content is more complex. 
There is a significant response and a significant negative curvature. 
This curvature is large enough in relation to the linear response to make 
the middle (K20) dose show the highest potash-content. This is difficult 
to account for. The probability level is rather less than P=o-o5, and it 
may be, therefore, that this level of significance has been reached by 
chance. 

Potash- and phosphoric-acid contents are thus affected, respectively, 
only by supplies a the identical nutrient. Taking into account the 
variation in nitrogen-content due to phosphatic manuring, it is evident 
that, as in the yield data, the predominant factor in causing variation 
is phosphoric acid. 


(3) The Comparison in Behaviour between Weeds and Tea 


When the yield records of weeds were taken, the tea was recovering 
from pruning and was not in bearing. A direct comparison between 
yields of weed and tea over the same period is therefore impossible. 
A useful comparison can still be made between the two crops on the 
basis of tea yield for the year immediately preceding the observations 
on weeds. In addition, there are data on the composition of the foliage- 
leaves of tea that were removed at pruning time; these have been 
described in fuller detail in a previous communication (loc. cit.). 
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There are both similarities and divergences between the behaviour 
of the two crops. Both show linear responses in yield to nitrogen 
applications, and both show markedly non-linear responses to phos- 
phates. Potash has no effect on the yield of either crop. The difference 
lies in the importance to be assigned to the individual nutrients in the 
two crops. For tea, nitrogen shows the greater response; for weeds, 
that due to phosphates is considerably the greater. 

In comparing weeds with tea foliage from the point of view of com- 
position, corresponding similarities are noticeable. 

The two crops agree in having linear responses in P,O;-content as 
a result of phosphatic manuring, at a level (P30 to P60) where yield 
effects are fees or all but absent. Similarly, nitrogen applications to 
tea make no appreciable difference to the nitrogen-content of the foliage 
leaves. On the other hand, in the tea data there is no reflection of the 
sort of phosphatic effect that weeds show in their nitrogen-content. For 
tea the response in potash-content is noticeably linear; and that suggests 
a further reason for accepting the curvature of the weed figures with 
reserve. The response is also much greater in tea, which appears to be 
a luxury consumer of potash despite the absence of weed response. ‘The 
data for some of the responses of tea and weeds are collected in Table 3 
as percentages. 


TABLE 3. Responses of Tea and Weeds to the same Factors expressed as 
Percentages of General Means 





Responses of tea Responses of weeds 


(1942-3) | (7943) 
Character Factor _ Linear Curvature | Linear Curvature 
Yield N. 48°-4* 08 30°6* 71 
Yield P 17°9" 12°0* 94°9* —go-5* 
N-content r —3°7 2°5 15°0* 10°7 
P-content r 45°4* 13°0 a2-5" 8-2 
K-content K 32°5* 5°4 10°8* 20°0* 





* Significant response. 


All the data so far considered suggest that phosphatic manuring above 
the 30 lb.-P,O; level is excessive, and it may be that the economic 
dosage is lower than 30 lb. The practical effects of high levels of phos- 
phate are, as has been shown, greatly increased yields of weeds creating 
a costly weed problem. The large bulk of weeds withdraws an appre- 
ciable amount of nutrients from the soil, and as weeds are usually burned 
outside the cultivated area, this withdrawal is a continual drain on soil 
fertility. Though no precise data can be presented, there is reason to 
believe that these losses are comparable with those due to the tea itself. 
Average figures for nutrient-content of the various parts of the bush 
have been published previously [2] and, when combined with the yields 
of harvested flush and pruned wood (both permanently removed), they 
give values for nutrients removed in the cycle immediately previous to 
the weed experiment. Reduced to an annual basis they are compared 


with similar figures for the weeds in ‘Table 4. 
3988.51 L 
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TABLE 4. Comparison of Nutrient Removal by Tea (x year) and 
Weeds (34 months) 








(lb. per acre) 
ma oe | _ By tea | By weeds 
Nitrogen. 3 : 56 II 
Phosphoric acid . ‘ 12 5 
Potash . : ‘ 28 21 





The loss of phosphoric acid is small, but its predominating effect on 
growth is such that serious quantities of the more expensive nitrogen 
and potash are thrown away in weed-growth. From the point of view 
of economical manuring there is need for further investigation of weed- 
growth, methods of control, and utilization. An experiment to provide 
such information is at present in its early stages. 


BOTANICAL EFFECTS 


The botanical aspects of the investigation are concerned chiefly with 
the influence of manuring on the specific composition of the weed flora 
of the different plots. ‘Two main methods were employed, namely a 
modification of the ‘point quadrat’ method, here termed the ‘skewer’ 
test, and the determination of specific frequencies by the half-metre 
quadrat. In addition, a few preliminary estimations were made of the 
seed-content of the soil. It will be convenient to present the data 
obtained by these methods in separate sub-sections in which also the 
procedures adopted will be described. 


“Skewer’ Tests 

Method.—The ‘point quadrat’ method, as usually understood [7, 8], 
involves the use of a series of equidistant points brought into contact 
with the vegetation by the aid of a portable framework or other mechani- 
cal appliance. It was evolved for use in pasture research and seems to 
have found little application so far to problems of arable vegetation. 

In the present investigation a single ‘point’ only was used, in the 
form of a metal meat skewer which was dropped by hand. A hundred 
readings were taken on each plot, keeping to a more or less even spacing. 
The observer judged by eye the approximate distance between readings 
and, advancing up the centre of the row, dropped the skewer at the 
required intervals with his eyes shut or fixed on a distant horizon. The 
skewer was held lightly with arm outstretched and was allowed to drop 
vertically. If it failed to become embedded in the ground it was lifted 
and again dropped after taking a pace forward if necessary. No readings 
were taken within a metre of the plot boundaries or drains. Contact 
with any part of a plant above ground was recorded; in dense vegetation 
where occasionally contact was made with more than one species, only 
the one nearest the ground was counted. Thus, with a 100 readings, 
the results could be expressed directly as an estimate of percentage 
cover. 
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Quantitative effects —Skewer tests were taken on two occasions in 
1943, and the results obtained are summarized in Table 5. The average 
percentage cover increased from 33-7 per cent. in July (2 months from 
cultivation) to nearly twice as much, or 63-7 per cent., in August. The 
overwhelming predominance of Polygonum nepalense on both occasions 
is clearly brought out: the protection given to this plant by the system 
of ‘selective weeding’, which is adopted throughout the estate, is re- 
sponsible for this. Record 2 was made only a week before the plots 
were weeded, and the manurial effects on total cover shown in the table 
follow closely the results obtained from the actual dry-weights of weeds 
per acre, as in Table 1, above. They indicate a very marked phosphate 
effect and a much less marked but still significant effect for nitrogen, 
both positive, and no significant effect either way for potash. 


TABLE 5. Percentage Cover by ‘Skewer’ Method (means of 9 plots) 





Manurial levels 
N4o N6o N8o Po P30 P60 Ko K2o | K4o 








(1) July 1943 


Polygonum . ‘ 27°2 28°7 39°0* 72 | 41°3 46°3° | 33°6 | 27°70 |} 343 

Other species 2 2°3 22 I° 08 | (2°7 2-7)" | 20 2°2 1'9 
(2) August 1943 

Polygonum . . 51°0 55°2 71°6* | 22°8 | 77°2 77°8* | 62°7 | 55°7 | 59°4 

Other species ‘ 6°3* | (3°0 41) re 4°4 oy" 4°3 4°3 4°8 





_* Denotes significant linear response, except that where two figures are bracketed their mean is 
significantly different from the third figure. 


The close correspondence between percentage cover as estimated by 
the skewer test and the recorded dry weights of the harvested weeds is 
brought out by the calculation of correlation coefficients. ‘The two sets 
of figures as a whole, i.e. plot by plot, give the very satisfactory value of 
r = +0°867. By the analysis of covariance, r for the 15 error degrees 
of freedom is +0-469. 

Qualitative relationships.—Special interest attaches to the relation 
between the dominant Polygonum nepalense and the other species. Since 
these contribute but 6-7 per cent. of the cover they may be considered 
collectively. From Table 5 it appears that the manurial effect on these 
subordinate species is a differential one, the regression for phosphate 
being positive, whilst that for nitrogen is negative. The dominance of 
Polygonum is so pronounced that one might have expected the com- 
petitive effect to be the controlling factor in determining the vigour of 
the other species. In that case both the manurial effects would have 
been negative, i.e. in the opposite direction to the observed effects on 
Polygonum—an increase in the dominant leading to a still more effective 
suppression of the other species. This has occurred with nitrogen only: 
with phosphate, the direct effect of the manure has been sufficiently 
powerful to counteract the reverse competitive effect, at least in part. 
It has not done so entirely between the P30 and P60 levels where, as 
seen from the table, a continued proportionate effect on the other species 
was observed only in August, when the effect on Polygonum at this 
level was virtually absent. ‘The situation a month earlier was the reverse 
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of this with the Polygonum still showing a considerable response to the 
second increment of phosphate but the other species at a standstill or 
relatively decreased. 


Quadrat Records 


Method.—A half-metre quadrat was used to allow for easy manipula- 
tion between the lines of tea; these are 4 ft. apart, but the effective space 
between them is somewhat reduced by the spread of the woody branches 
near ground-level. ‘The quadrat was a stout wooden frame which could 
be thrown along the centre of the rows. Ten throws were made in each 
plot, taking 3, 2, 2, and 3 in the 4 centre rows and spacing them more 
or less equidistantly as before, avoiding drains and plot boundaries. 
With practice, the quadrat could be thrown the required distance with 
the eyes shut. Wherever possible it was recorded as it fell, but if held 
off the ground on a branch the frame was tipped over towards the centre 
of the row or again lifted and dropped until it lay evenly on the ground. 
Every species present within the quadrat was recorded once, not count- 
ing seedlings too small for identification (a difficulty that seldom arose 
in the field). Quadrat readings were taken both in 1943 and 1944. 

Numbers of species recorded.—T he total recorded flora of the plots con- 
sists of 35 species of flowering plants and ferns, of which a full list is 
given as an Appendix. There were in addition 2 or 3 species of ferns 
restricted to the immediate base or framework of the tea bushes, not 
recorded in the quadrats. ‘Table 6 gives the average number of species 
quadrat and per plot (taken as the sum of 10 quadrats). As might 

e expected, the two sets of figures follow one another closely, the flora 
for the ‘plots’ being about twice as numerous as that of the individual 
quadrats. In both years there is a depression at the K20 level, reachirg 
significance at P < 0-05 in 1944, and perhaps due to chance only. The 
nitrogen and phosphate effects are a more interest, since they repeat 
the differential response observed above (‘Table 5) for the percentage 
cover contributed by species other than Polygonum nepalense: the nitro- 
gen response is negative (significant in 1944 only) and the phosphate 
response positive (highly significant in both years). ‘The same explana- 
tion may be offered, namely, that with increasing levels of nitrogen it 
is the competitive influence of the Polygonum that controls the situation, 
whereas the phosphate response is intense enough to produce an all- 
round stimulation of the weed vegetation with an increase not only in 
the proportion of the total cover contributed by the other plants, but also 
in the number of species that can maintain themselves in a given area. 

Warington in 1924 [9] drew attention to the effects of unbalanced 
manuring on the composition of an arable weed flora and in this con- 
nexion a comparison between the N8o Po and the N4o P60 plots may 
be of interest. As might be expected from the observed regressions, 
these two categories include the two extreme types of flora with general 
averages (for both years) of 12-4 and 16-7 species respectively. No such 
effect is noticeable as between nitrogen and potash, the N80 Ko and 
N4o K4o plots having averages of 15-1 and 14:8 species respectively, 
as compared with the general average of 14:2. 
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TABLE 6. Average Numbers of Species Recorded 





Manuring levels 








N4o N6o0 N80 Po P30 P60 Ko Kzo K4o | Average 
Per $-metre quadrat 1943 . 66 6°6 63 59 6:6 7-0* 6°5 64 6:6 65 
” ” » 1944. 7S 7°3 6-2 Go | 7:3 7:3* 7:2 6°5 74 70 
Per plot (10 quadrats) 1943 14°9 14°2 13°7 | 12°9 14°3 15°6* 14°2 13°9 14°7 14°3 
om a 1944 (146 14°7)* | 13°! 12°9 14°2 15°2* 14°9 13°0 14°4 14°! 





(Significant effects indicated as in Table 5) 


Specific responses to manuring.—Table 7 gives a list of the 14 species 
of which the average specific frequency in the half-metre quadrat, for 
both years, was at least 10 per cent. The specific frequency method 
gives much more emphasis to the species other than Polygonum nepalense, 
which make such a relatively insignificant contribution to the percentage- 
cover estimations: thus the fact that no less than 6 of these species have 
a frequency of more than 50 per cent. should be noted. Changes from 
year to year have been relatively slight, the chief differences being the 
relatively greater abundance of Oxalis corniculata, Digitaria longiflora, 
Cardamine hirsuta, Gynura crepidioides, and Drymaria cordata in 1944. 
Of these, Digitaria and Gynura were easily the most conspicuous and 
the increase in the former can be related to a generally observable 
increase in grass weeds in the district in that year. The increase in 
Cardamine and Drymaria may be due in part to the increasing shade 
afforded by the tea in its second year from pruning. 

It is not easy to give any general description of the appearance of the 
weed-cover, and in any case the whole question of the succession of 
different species has perforce been omitted from these investigations. 
In both years the quadrat records were taken at 3 months from cultiva- 
tion and the average percentage cover of nearly 6 in 1943 is probably 
an adequate representation of the stage of development at this time. 
The sharply defined boundary between the Po plots and the others has 
already been mentioned. Thus in the P30 and P60 plots the vegetation 
can be considered as a close but irregular cover of Polygonum, about 
25-30 cm. high on the average, overtopped by such species as Gynura 
crepidioides and Ageratum conyzoides, and with a scattered ‘under-story’ 
of the more prostrate Owalis corniculata, Lobelia zeylanica, and Hedyotis 
corymbosa. Gnaphalium polycaulon and the grass Digitaria longiflora 
alone seem likely to compete seriously with the Polygonum. Of the 
other species, Hydrocotyle mannii, Drymaria cordata, Stenophyllus capil- 
laris, and Cardamine hirsuta are more locally distributed, the first two 
often in loose patches up to a few metres in diameter. Seedlings of 
C. hirsuta are, however, very plentiful. Viola and Crepis japonica, though 
very generally distributed, occur especially in close proximity to the tea 
bushes where they frequent the hollows between the larger roots or 
branches, giving place in time to the increasing growth of ferns in such 
situations. The same is also partly true of the Oxalis and Lobelia. As 
might be expected, almost any of the species mentioned can predominate 
locally where, for any reason, the cover of Polygonum is interrupted. 
The Po plots, with their much scantier cover of vegetation, had con- 
siderable areas of almost bare soil. In the absence of Polygonum, 
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localized communities dominated by Digitaria longiflora or by Steno- 
phyllus capillaris were also fairly frequent. 


TABLE 7. Percentage Frequencies of Species in Half-metre Quadrats 
(Means of 1943 and 1944) 





General 
means 


N4o § N6o0 N8o Po P30 P60 Ko K2o  K4o 1943 1944 


Polygonum nepalense ‘ 96 96 100 92 100 100 96 97 99 96 98 
Gnaphalium polycaulon . 83 77 65 51 86 88 76 71 77 80 70 
Oxalis corniculata : 76 67 67 57 76 78 64 73 73 57 83 
Lobelia zeylanica* ‘ 7° 59 53 66 60 57 64 61 58 68 54 
Hedyotis corymbosa . 56 58 62 61 58 57 61 56 59 59 59 
Crepis japonica. : 52 48 56 39 56 61 44 | 63 49 57 47 
Viola betonicifolia ‘ 49 50 53 53 49 49 51 49 52 50 51 
Digitaria longiflora . 52 51 35 58 39 41 53 42 43 40 52 
Cardamine hirsuta ‘i 46 36 31 3 44 65 43 33 36 27 48 
Ageratum conyzoides P 32 34 25 31 35 26 30 27 34 31 30 
Gynura crepidioides ‘ 34 30 27 30 28 30 28 28 35 20 40 
Stenophyllus capillaris 9 21 17 23 19 4 14 12 20 16 16 
Hydrocotyle mannii F 4 19 9 8 II 13 14 8 10 9 12 
Drymaria cordata . 8 12 II I Ir 19 10 8 12 6 14 





* Lobelia zeylanica was at first not distinguished in the seedling stage from Vandellia sessiliflora; 6 out of the 
total of 145 records in 1944 belong to the latter species. 


Details of the specific responses to manuring are given in Table 7, 
where the frequencies for the g plots at each manurial level are entered 
as percentages for the mean of both years. It is noteworthy that only 
for the dominant, Polygonum nepalense, are the manurial responses uni- 
formly positive. Among the other species three chief types of response 
may be distinguished as follows: 


(1) All manurial responses negative 


Digitaria longiflora (N, P, and K effects significant, in 1944 only) 
Lobelia zeylanica'! (Only the N effect significant, in 1944 only) 
(2) N-negative; P-positive 
Cardamine hirsuta (N effect not significant, the positive P effect very 
marked in both years; a slight negative K effect 
also) 


Gnaphalium polycaulon (In 1943, only the P effect; in 1944, both the N and 
P effects significant) 
Oxalis corniculata (Only the P effect significant; a slight positive K 
effect also) 
(3) N-positive; P-negative 
Stenophyllus capillaris (The P effect very marked, but significant in 1943 
only) 


Of the two species in group (1), Lobelia zeylanica' may perhaps be 

a simple case of inability to withstand competition from Polygonum. 

Although the negative manurial responses shown by this plant are con- 

‘sistent in both years, they should be accepted with reserve in view of 
the failure to attain significance, except in the one instance noted. The 

effect on Digitaria longiflora is again consistent and can be viewed with 

more confidence in view of the significance attained. A competitive 

effect may also be postulated here, but the result is in keeping with the 


1 With which is included a certain proportion of Vandellia sessiliflora, not distin- 
guished in the seedling stage. See note to Table 7. 
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generally assumed tendency for grass weeds to predominate on soils of 
low fertility. ‘The fact that the different levels of manuring have been 
maintained over so long a period of years lends emphasis to this. 
Similarly, the considerable increase in Digitaria on neighbouring planta- 
tions from 1943 to 1944, already noted, may be related to a cumulative 
effect of war-time reductions in manuring owing to the shortage of 
artificial fertilizers. 

For the rest, the interest lies chiefly in the apparent reciprocal 
influence of nitrogen and phosphate. The effects observed attain signi- 
ficance in both instances only for Gnaphalium polycaulon and Steno- 
phyllus capillaris. The negative phosphorus response of the latter species 
is very marked in the field, its occurrence in numerous conspicuous 
tufts being almost peculiar to the low-phosphate plots. Elsewhere, it 
seems to occur in the form of more scattered isolated plants consisting 
of a few shoots only. Gynura crepidioides may repay further investiga- 
tion: it is a tall, strong-growing Composite frequently seen on compost 
heaps and the like, and one which might have been expected to respond 
well to increased doses of nitrogen. Yet in 1944, when it had practically 
twice the specific frequency of 1943, it gave a significantly negative 
response to nitrogen, with positive, but not significant, responses to 
phosphate and potash. The effects in the previous year were in no case 
significant, yet tended in the opposite direction, viz. positive to nitrogen 
and negative to the others. Easily the most marked positive response 
to phosphate, with a tendency to respond negatively to nitrogen and 
possibly also to potash, is shown by the small Crucifer Cardamine 
hirsuta. In fact, in these experiments C. hirsuta has behaved almost as 
an ‘indicator plant’ for phosphate, a relationship which does not appear 
to have been previously reported, although the great plasticity of this 
common plant with respect to the number of fruits and seeds produced, 
as affected by soil fertility, is well known [10]. Of local occurrence in 
the experimental area is the related species C. trichocarpa (average 
specific frequency of 1-5 per cent. only), which would form an interesting 
subject for comparative ecological investigations with C. hirsuta. 

A strong positive response to phosphate is seen also in Drymaria 
cordata, a rather weak straggling Caryophyllaceous plant with a general 
resemblance in habit to the European Stellaria media. On a nearby 
plantation this is protected by selective weeding so that it forms an 
almost continuous cover. In the experimental area it has increased 
markedly from 1943 to 1944, but remains local in distribution so that 
the value of the phosphate response may be open to question. Another 
instance of a statistically significant effect which can reasonably be 
attributed to chance is the high N60 level of Hydrocotyle mannii, a low 
stoloniferous herb which is very unevenly distributed in patches. Simi- 
larly, no conclusions can be drawn from the species not shown in the 
table, with specific frequencies below 10 per cent. It is unfortunate 
that the only leguminous component of this weed flora, Indigofera ende- 
caphylla, should occur in two blocks of the experiment only, out of the 
three examined by the quadrat, and with a specific frequency of barely 
3°I per cent. 
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Seed-content of the Soil 


Three tests were made in September 1943 of an entirely preliminary 
nature. All were made on soil removed from the top 6 in. only, brought 
in from the field and bulked according to the phosphate level, which 
alone was under consideration. The apparent specific gravity of the soil 
was 1:027, and this figure was used in expressing the seed-content of 
a given sample on a per acre basis. Tests were carried out on porous 
plates or in flower-pots (v.i.) either inside the laboratory or in a closed 
plant-house. They were continued for 7 to 7} weeks, a period which 
appeared to be sufficient to allow for the germination of all the im- 
mediately viable seeds. The questions of delayed germination and the 
duration of dormancy [11, 12] were of necessity omitted from this pre- 
liminary survey. 

A first test, on equal samples of Po and P60 soil each about 181 gm. 
wt., gave 2 unidentified seedlings only on the Po plate and 31 seedlings, 
of which 15 were Polygonum nepalense, from the P60 soil—the equi- 
valent for the latter of a total of 108,000,000 seeds per acre, with 
52,272,000 P. nepalense. 

The second test in which the number of seeds per acre was estimated 
was carried out on nine 181-gm. samples of P60 soil. The results 
averaged to the nearest thousand seeds per acre are given in ‘Table 8. 
The occurrence of 15 million seeds per acre of Polygonum and the high 
content of Cardamine hirsuta, Gnaphalium polycaulon, and Oxalis corni- 
culata (cf. supra and Table 7) are ample evidence of the cumulative effect 
of long-continued manuring at a high phosphate level in building up 
a reserve of seed in the soil. 


TABLE 8. Estimated Number of Seeds per Acre in the 
top 6 in. of P6o Soil 





Species Seeds per acre 
Polygonum nepalense 15,101,000 
Cardamine hirsuta 6,195,000 
Gnaphalium polycaulon 3,485,000 
Oxalis corniculata 2,323,000 
Ageratum conyzoides 774,000 
Crepis japonica 774,000 
Viola betonicifolia 387,000 
Hydrocotyle mannii 387,000 
Unidentified species 23,232,000 

TOTAL 52,658,000 





The final test was designed to throw more light on some of the specific 
responses to different levels of phosphate. This time, equal amounts of 
soil were filled into 6-in. pots and the seedlings produced counted after 
7 weeks. Table g gives the results as averages for 10 pots at each level. 

The effect of phosphate on the total number of seedlings produced 
is linear; there is no diminution in the response between the P30 and 
P60 levels as occurs in the amount of herbage actually produced in the 
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TaBLeE 9. Number of Seedlings germinated after 7 Weeks 
(Average of ten 6-in. pots) 





Levels of phosphate 








Species Po P30 P60 
Polygonum nepalense 4°2 ti-s Io'l 
Gnaphalium polycaulon o°2 1-6 3°9 
Cardamine hirsuta o-2 O"4 23 
Gynura crepidioides 2 08 06 
Oxalis corniculata o-7 Il o'8 
Crepis japonica o-2 03 08 
Ageratum conyzoides cis 06 03 
Viola betonicifolia "4 ms orl 
Hydrocotyle mannii ae ol ‘5 
Unidentified species 2°4 ae | 10°! 

TOTAL 9°5 IQ'I 29°0 





field (Tables 1 and 5). No doubt this linear relationship may be regarded 
as an instance of the known importance of phosphorus for fruit and 
seed formation [13]. For the dominant Polygonum nepalense, however, 
the relationship is far from linear, the maximum number of seedlings 
being produced at the P30 level, with a subsequent slight falling off. 
It seems that here the competitive effect is involved, the slight extra 
crowding produced by the second 30 lb. of phosphate leading to con- 
ditions rather less favourable for seed production than would be expected 
if the plants were growing in the absence of competition. For the other 
species the results follow closely the 1943 specific frequencies. The 
negative response of Gynura crepidioides is of interest in view of what 
has already been said of that species; and again the very marked positive 
response of Gnaphalium polycaulon and of Cardamine hirsuta should be 
noted. 


Discussion 


The conclusion that consistently emerges from the whole data is that 
of the extraordinary sensitiveness of the weed flora to phosphatic 
manuring. From whatever point the investigation is approached the 
same emphasis is observed. Yield, density of the dominant and sub- 
dominant species, and composition of the crop with respect to the 
nutrient variables of the experiment, all show characteristic but not 
identical effects from phosphatic manuring. Considering for the present 
only the yield and compositional data, there is evidence that the effects 
produced by phosphoric acid are of a more pronounced degree for the 
weed flora than for the major crop, which might be expected to have 
the advantage on account of its perennial habit and firm establishment. 
Of particular interest is the recorded effect of phosphatic manuring on 
nitrogen-content contrasted with the absence of any corresponding effect 
due to nitrogen manuring itself. Petrie [14] quotes an experiment by 
Williams [15] where a similar large increase in dry weight due to phos- 
phatic manuring reduced the percentage nitrogen-content of the plants. 
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Petrie interprets this, not in terms of an effect of phosphorus on nitrogen 
metabolism, but as indicating that under such conditions nitrogen supply 
became sub-optimal. That this can be so in the present experiment is 
noteworthy since the regression is derived from the means of plots 
receiving 40, 60, and 8o lb. per acre of nitrogen. 

Botanically, the main focus of interest in these investigations is the 
relation of the dominant Polygonum nepalense to the other species pre- 
sent. The Polygonum has been protected for many years past by the 
system of weeding carried out over the estate as a whole and no discus- 
sion of the probable state of affairs under any other system of weeding 
can be attempted. P. nepalense Meisn. (formerly P. punctatum Ham.) 
is indigenous to Ceylon [16, 17] and was presumably a fairly prominent 
constituent of the original weed flora of the experimental area. In any 
case its ecological importance is now assured on account of its large 
reservoir of seed present in the soil. Its behaviour is that of a short- 
cycle annual with a duration of some 4~5 months only, and this is at 
least in part the result of universal attack by the uredospore stage of 
the rust fungus Puccinia polygoni-amphibi Pers. [18]. Any attempt to 
assess more fully the competitive effect of the Polygonum as influenced 
by manuring must take this factor into account. 

The overwhelming importance of phosphatic manuring is again seen 
not only in its effects on total percentage cover—equally on the dry 
weight of weeds harvested—but also in the fact that phosphate alone 
gives a significant positive response in respect of that proportion of the 
weed-cover contributed by the species other than Polygonum. Although 
no separate yield figures are available for the different species, the almost 
perfect correlation between the percentage-cover estimations and the 
observed dry weights for the beh flora as a whole allows ample reliance 
to be sinned on these observations. 

Further information is needed on the succession of the vegetation at 
the different phosphate levels, and for these the skewer method would 
so eminently suitable. The influence of phosphate may be in part 
through its ontogenetic effect in hastening the maturity of the dominant. 
This will not only find expression in the diminished nitrogen-content 
of the vegetation as a whole, already noticed, but will also affect the 
succession by permitting the continued growth of the other species in 
the interval during which a fresh cover of Polygonum is again developing. 
This is suggested by the data summarized in Table 5, and also by the 
linearity of the response to phosphate shown by the total seed-content 
of the soil (Table 9) as compared with the marked curvature charac- 
teristic of the response of Polygonum by itself. 

Finally, the effect of the growing tea bushes should not be overlooked. 
That this may be considerable is apparent from the most casual com- 
parison between the bareness of the newly pruned fields and the almost 
closed canopy produced three or four years later. Effectively speaking, 
only the first year’s growth has been covered by this study. ‘The increase 
from 1943 to 1944 of certain of the smaller species has already been 
noted: it is probably a direct result of the increased shade and pro- 
tection, although it does not follow that the increase will be continuous 
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in each case throughout the pruning cycle. The Polygonum itself is not 
particularly tolerant of shade and the competitive effect of this species 
might therefore be expected to diminish in successive years. It may 
perhaps be significant that on the whole the manurial responses in 1944 
have been larger and more often statistically significant than in 1943. It 
is hoped during the rest of the pruning cycle to carry out further 
observations whereby these tendencies may be confirmed. 


Summary 

1. Observations on weed-growth on a Ceylon up-country tea estate 
are reported which are based on a factorial NPK experiment involving 
all combinations of the following manurial levels (lb. per acre): N4o, 
N60, N8o: Po, P30, P60: Ko, K20, K4o. 

2. The total yield of weeds after 3} months’ unrestricted growth was 
practically the same whether nitrogen was applied in the form of sul- 
phate of ammonia or of groundnut cake. 

3. By far the biggest single effect on the yield of weeds was the level 
of phosphatic manuring. ‘This was almost entirely confined to the first 
incremental dose, the yield at P30 being nearly 3} times that at Po, 
the further increase from P30 to P60 not being significant. Nitrogen 
gave a much more moderate response which was almost linear, whilst 
potash had no significant effect on yield. 

4. Phosphatic manuring was also predominant in its effect on the 
chemical composition of the weeds. It produced a marked positive 
response in P,O,-content (which, in contrast to the effect on yield, was 
proportionate for the second incremental dose) and a less marked but 
significant negative response in N-content. The only other significant 
result was the positive response in potash-content produced by potash 
manuring. 

5. These yield and chemical responses for weeds are compared with 
the corresponding effects of manuring on the tea. For tea, nitrogen is 
relatively of much greater importance than it is for weeds, and phos- 
phates much less so. The conclusion is reached that manuring above 
the P30 level may be excessive in view of the heavy withdrawal of 
nutrients by the resultant increased growth of weeds. 

6. The system of weeding in force for several years past on this 
experiment and on the rest of the plantation in which it is situated has 
favoured the predominance of a Polygonum species (P. nepalense) which 
is considered to be desirable as a ground cover. 

7. A modified ‘point quadrat’ method of estimating percentage cover 
of the vegetation is described as the ‘skewer’ test. 

8. In the percentage-cover estimations by the skewer test, Polygonum 
and the other species were recorded separately. The latter gave a signi- 
ficant negative response to nitrogen and a positive response to phosphate, 
whereas Polygonum (which contributed about 94 per cent. of the total 
cover) gave positive responses to both of these—as might be expected 
from the yield data. This result is interpreted in terms of the effects 
of competition between the Polygonum and the other species. 

g. Individual specific responses to manuring were investigated by 
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determining specific frequencies in the half-metre quadrat. The number 
of species recorded in the quadrat showed a negative response to nitrogen 
and a positive response to phosphate; otherwise the 14 species discussed 
in detail showed three types of response, viz. negative to all manures, 
N negative and P positive, N positive and P negative. These three 
types are exemplified chiefly by the grass, Digitaria longiflora, the cosmo- 
politan herb Cardamine hirsuta (in which the response to phosphate was 
particularly marked), and the small Cyperaceous weed Stenophyllus 
capillaris, respectively. 

10. A few germination tests were carried out on surface soil from 
plots receiving the different amounts of phosphate. As a rough estimate 
the content of easily germinable seed in the P60 soil may be put at 
53 millions per acre, of which 15 millions are Polygonum. 
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APPENDIX 
List of Species recorded by the half-metre Quadrats 
(1943-4) 
Notes 


(1) The Tea Research Institute’s estate, on which these observations were carried 
out, is situated in the moist up-country zone of Ceylon, at an elevation of 4,600 ft. 
The average annual rainfall is 96 in. 

(2) Names of flowering plants are those employed in Trimen’s Handbook to 
Flora of Ceylon [16], as revised by Alston [17]. 
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EFFECTS OF MANURIAL 
Species recorded: 


Dicotyledons 
Ageratum conyzoides L. 
Amarantus viridis L. 
Cardamine hirsuta L. 
C. trichocarpa Hochst. 
Crepis japonica Benth. 
Drymaria cordata Willd. 
Emilia scabra DC. 
Erigeron sumatrensis Retz. 
Eupatorium riparium Benth. 
Gnaphalium polycaulon Pers. 
Gynura crepidioides Benth. 
Hedyotis corymbosa Lamk. 
Hydrocotyle mannii Hk. 
Indigofera endecaphylla Jacq. 


Leucas zeylanica Br. 


Oxalis corniculata L. 
Polygonum nepalense Meisn. 
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Rubus sp. (seedlings only) 

Solanum nigrum L. 

Vandella sessiliflora Benth. 

Vernonia cinerea Less. 

Veronica javanica Bl. 

Viola betonicifolia Sm. (cleistogamic 
form) 


Monocotyledons 
Digitaria longiflora Pers. 
2 other unidentified grasses 
Eriocaulon sp. 
Stenophyllus capillaris Britt. 


Ferns 
Adiantum gracillimum Moore. 
Odontosoria chinensis J.Sm. 


Lobelia zeylanica L., var. walkeri Cl. Ophioglossum pedunculosum Desv. 


Pellaea hastata Prantl. 
2 other unidentified species. 


(Received Fanuary 2, 1945) 








SUSCEPTIBILITY OF SOUTH AMERICAN TUBER-FORMING 
SPECIES OF SOLANUM TO THE POTATO-ROOT EELWORM 
HETERODERA ROSTOCHIENSIS WOLLENWEBER 


C. ELLENBY 


(Department of Zoology, King’s College, Newcastle-upon-Tyne, 
University of Durham) 


Introduction.—Resistance to the potato-root eelworm has recently been 
discussed in relation to four varieties of the domestic potato species, 
Solanum tuberosum Ui. The problem is considered from the standpoint 
of the three criteria of resistance to eelworm infestation cited by Lapage 


2]: 
‘(1) Failure of the nematode to live inside the host or its early death 
in it. 
(2) Decrease in its production of eggs or larvae. 
(3) Inhibition of its growth or development . . . so that the adults 


require longer to mature or do not live so long when they are 
mature, sometimes being stunted or smaller.’ 

These criteria, though important in studies of host-resistance, neces- 
sarily presuppose that the host is attacked. It is possible, however, that 
among the S. American tuber-forming species of Solanum there may be 
forms which are not attacked; these could be called ‘insusceptible’, as 
the terms ‘immune’ and ‘resistant’ both imply that the host is attacked. 

The potato-root eelworm is remarkably specific. Excretions from the 
roots of the growing potato plants are necessary to stimulate hatching 
of the eggs contained in the cysts; in their absence, no emergence will 


take place, and cysts have been shown to retain their viability for at least ~ 


8 years [3]. The relationship of the potato plant to the life-history of 
the parasite is therefore particularly intimate even for parasitic nematodes: 
the plant gives the signal for the attack upon itself. ‘Theoretically, there- 
fore, the existence of a completely insusceptible potato plant can be 
postulated: a potato which does not give the correct signal would break 
the life-cycle at the decisive point. Triffitt [4] failed to infect plants 
other than those of the domestic varieties of potato, whilst elsewhere [5] 
it is stated that among cultivated plants it is possible to infect only the 
tomato to a slight extent, though natural infections of Chenopodium 
album are found. Franklin [6], however, working with root-excretions 
of a variety of plants, found that those from certain members of the 
Solanaceae would stimulate some larval emergence; elsewhere she states 
rh that the host-range is limited to a few members of that natural order. 
That the tomato, belonging to a different genus, is attacked, and that 
some other members of the Solanaceae are susceptible, might, therefore, 
indicate that the existence of a completely insusceptible plant is unlikely: 
on the other hand, Triffitt [8] failed to infect representatives of 10 species 


belonging to different genera of the Solanaceae: an extensive series of 


tests of the large number of widely different S. American tuber-forming 
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Solanum species therefore seemed worth while. Work was begun in 
1941 and is still far from complete; it was thought desirable, however, 
I to present an interim report on its progress. 


wd 


Experimental 


Tubers tested formed part of the Empire Potato Collection housed at 
the Imperial Bureau of Plant Breeding and Genetics, School of Agri- 
culture, Cambridge; more than 1,500 forms from S. America and 
Mexico, in about 150 species, are included. Gemmell [1] has shown 


n that considerable differences in resistance to the potato-root eelworm 
S, may be shown by varieties of the domestic species, S. tuberosum. The 
it difference sought in the present case, complete insusceptibility, was, 
re however, of a different order, and, as a working hypothesis, it was 

assumed that it was more likely to be interspecific: accordingly, in this 
‘h first survey attention was confined to representatives of the different 


species, and only rarely was more than one variety of a species tested. 
Experiments were of three main types: (1) field trials; (2) hatching 


ts trials with leachings from pots containing growing potato plants; (3) 
re hatching trials with root-excretions obtained directly from the roots. As 
a qualitative answer was sought, the first type of trial was considered to 
S- be the most important, and the last two types were carried out mainly 
at to obtain information relevant to the first; nevertheless, they provided 
pe some quantitative information, the validity of which will be discussed 
as later. ‘The magnitude of the experiments and the technique used varied 
d. from year to year according to the amount of time and material available; 
he the experiments will therefore be described year by year. 
ng 
ill 1941 ; 
ist © In the field trials S. tuberosum var. Great Scot, referred to throughout 
of this paper as Great Scot, was used as control. The following five 
°S : S. American species were tested: S. simplicifolium (51), S. curtilobum 


e- (1138), S. Fuzepczuki (1106), S. andigenum (1129), S. chaucha (196). 
(The reference numbers for the particular forms in the Empire Potato 
ak Collection (E.P.C.) are shown in parenthesis; Hawkes [9] should be 


its consulted for details of the conventions used.) 

5] Ten tubers of each form were planted at random in a plot of infested 
he soil. The plants were lifted at the end of the season and their roots 
um carefully examined for eelworm cysts. All were found to be attacked. 
ns Quantitative estimations of the degree of infestation were not made; it 
the was obvious, however, that the roots of the S. American plants were 
tes markedly freer from cysts than the control plants. 

er. 

hat 1942 

re, (i) Field Trials —Twelve S. American species were tested and Great 
ly: Scot was used for the controls. Tubers were grown on this occasion in 


ies 10-in. plant pots of infected soil sunk in an infected plot. Each species 
of | was planted in triplicate and the pots were randomized. One species, 
Ing S. boyacense, failed to grow in all three cases. The plants were lifted 
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after 3 months’ growth and the roots carefully examined. Cysts were 
again found on all plants. Some of the field observations are recorded 
in Table 1. Cysts are white when first formed; they turn yellow, and 
the fully mature cyst is brown; the cysts on the S. American species 
were less mature, in general, than those on the control plants. 


TABLE 1. Field Trials, 1942 


Species 
. Stenotomum 
. goniocalyx 
. Rybinii . 
. Kesselbrenneri 
. aanhuiri 
tenuifilamentum 


Parodii. 
Salamanii 


nnn nn wh ah 


~! 


. cardiophyllum 


. demissum 


nM mH 


. Antipoviczii . 


S. tuberosum var. Great Scot 


EP.C. 
206 
436 


1312 
836 
231 

1066 


84.2 
23 


25a 
4.1 


1333 


Field observations 


Numerous yellow and white cysts 

Tallest plants among S.A.; very strongly 
attacked, but mainly yellow cysts 

Good plants. Among stronger of S.A. cysts 
as numerous as on British plants 

White, yellow, and some browning cysts; not 
many, but not strong plants 

Small plants; lightly attacked; some yellow, 
some white cysts 

Good plants; heavily attacked ; mostly yellow 
cysts 

Yellow cysts; not many but poor plants 

Good plants; heavily attacked; white and 
yellowing cysts 

Small plants; 1 yellow, about 10 white cysts 
found 

Strong, very tall plants; quite strongly at- 
tacked; yellow cysts 

Good plants—among best if not best. At- 
tacked, but apparently not strongly; very 
large root-system—not many cysts for so 
much root 

Heavily attacked; cysts mostly yellow, but 
very many brown and some white. Att: ked 
sooner than other species? 


(ii) Hatching experiments with soil leachings—One of the reasons for 
carrying out the field tests in plant pots was that leachings could be 
obtained before the plants were lifted; ‘advance information’ could thus 


TaBLe 2. Hatching Tests with Soil Leachings, August 1942 
Total Number of Larvae emerging from 20 Cysts in 14 Days 





Total 

Species E.P.C. larvae 
S. stenotomum 206 6 
S. goniocalyx . 436 72 
S. Rybinii 1312 II 
S. Kesselbrenneri 836 24 
S. ajanhuiri ; 231 36 
S. tenuifilamentum . 1066 132 
S. Parodii 84.2 14 
S. Salamanii . 23 9 
S. cardiophyllum 25a 37 
S. demissum 4.1 24 
S. Antipoviczit ‘ 1333 5 
S. tuberosum var. Great Scot - 88 
Soil water 5 
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ied be obtained. The pots were lifted from the holes in which they were 
. 4 sunk, and thoroughly watered. Leachings were collected from below 
a and the pots replaced. Hatching tests were then carried out with eel- 


worm cysts in watch-glasses. ‘There were 20 cysts to each watch-glass 
and, in addition to the control provided by the leachings from the Great 
Scot plants, one batch of cysts was tested with water shaken up with soil. 

No great importance is attached to the actual magnitudes of the 
figures in Table 2 as the tests were not designed with this end in view, 
but they certainly indicate that root-excretions of some, at least, of the 
gly | §S, American species possess marked stimulating power. 

(iti) Hatching experiments with excretions obtained directly from roots.— 
After the roots of the species listed in ‘Tables 1 and 2 had been examined 
not | for cysts, they were placed in tap-water for 70 min., the 3 plants of 
each species in one lot of water. Hatching experiments were then 
carried out with these excretions with groups of 20 cysts in watch- 
low | glasses; each test was, however, triplicated, i.e. there were 3 watch- 
glasses, each with 20 cysts, to each species, and controls were provided 
by similar sets in Great Scot root-excretions, and in tap-water. Larvae 


ysts 


ow, 











and emerging were counted each day until by the 12th day, in the case of 
nite the S. American species, emergence had practically ceased; the original 

sample of Great Scot root-excretions was then substituted i in all cases. 
at- | Emerging larvae were then counted for a further 5 days. 
At- | : : ‘ 2 
ery | TaBLE 3. Hatching Tests with Root-excretions, Aug. 1942. Mean Number 
so | of Larvae emerging per Cyst (a) in S. American Root-excretions and 
i | Controls, and (b) from the same Cysts in Great Scot Root-excretions 
ut 
ked | | No. of larvae emerging 

| per cyst — 

for | Species E.P.C. (az) | ( | a+b” 
be | S. stenotomum . F ; : 206 1°50 2°25 40°0 
1us S. goniocalyx : ‘ : : 436 4°54 3°00 60°2 

S. Rybinii . ; ; . E 1312 2°70 1°65 62:2 

S. Kesselbrenneri . : : : 836 2°55 2°20 53°7 

S. ajanhuiri 2 ; ‘ . 231 2°55 5°64 41°2 

S. tenuifilamentum ; : : 1066 a7q | 1°60 63°0 

S. Parodi . : ‘ ; ‘ 84.2 1°05 7°24 12°79 

S. Salamanit : : : : 23 0°55 3°05 15°3 

S. cardiophyllum . : ; a 25a 0°85 1°55 36°1 

S. demissum : : : - | 4.1 0°05 3°95 1°3 

S. Antipoviczii . «| 936 0°65 4°20 13°4 

SS. tuberosum var. Great Scot <i a 9°78 9°33 512 

Water : 3 ; P ol a o'ol 3°25 o3 











Values for aig 9gh of larvae per cyst are shown in Table 3; for the 
first 12 days in col. 1, and for the next 5 days in col. 2. In col. 3 the 
values in col. 1 are expressed as a percentage of the total for the 17 days; 
the assumption is therefore made that larvae which emerged in S. Ameri- 
can root-excretion in the first phase would have emerged i in the same 
period if stimulated by Great Scot root-excretions; it 1s also assumed 
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that the response to the 12-day-old Great Scot root-excretion in the 
second phase of the experiment would be the same as the response to 
these excretions when fresh. The first of these assumptions is probably 
justified; the second is, however, more doubtful and the results probably 
exaggerate the stimulating power of the S. American species. Neverthe- 
less, the figures in col. 3 indicate, in a general way, the relative stimu- 
lating power of the S. American and Great Scot root-excretions, par- 
ticularly as the main source of variation in eelworm data, due to differences 
in the cysts, is eliminated, for the same cysts are involved in both phases 
of the experiment. 

The figures show that, for the plants used in these experiments, (a) the 
excretions from the domestic variety, Great Scot, stimulated more larvae 
to emerge than any of the S. American species; (6) the response to the 
root-excretions of certain of the S. American species was similar to the 
response to the Great Scot excretions, as shown by the large proportion 
of the total emergence, in these cases, in the first phase; (c) that the 
root-excretions of certain of the S. American species had little stimu- 
lating power. Hatching experiments and the field observations recorded 
in Table 1 are in close agreement; those species found in the field to be 
strongly attacked, in the laboratory possessed considerable stimulating 
power. As the strength of attack in the field was not always correlated 
with apparent vigour, the lack of stimulating power manifested by other 
apparently vigorous plants may be a genuine difference and not a result 
of lack of vigour relative to the domestic variety. The root-excretion 
given off by 4 potato seedlings into 5 c.c. of water will induce as many 
larvae to hatch as stronger solutions [10]: those used in the present 
experiments were far above this minimal strength, and it can be said 
with confidence that, had they been derived from Great Scot plants of 
equal apparent vigour, maximum hatching would have been induced. 
Nevertheless, as already mentioned, the experiments were designed to 
obtain a mainly qualitative answer; relative immunity is so closely bound 
up with the vigour of the plants concerned that it would be unwise to 
draw more than tentative conclusions from these tests; the development 
of special methods will be necessary. 


1943 

(i) Field experiments.—Seven species were tested. As in 1942, these 
were planted in 1o-in. plant pots sunk in infected soil; owing to shortage 
of material, the trials were conducted with 2 tubers of each species 
distributed at random. Plants were lifted in September, and the roots 
carefully examined for cysts. Field observations are recorded in ‘Table 4. 
Six species were attacked, but no cysts were found on the root-system 
of either of two specimens of S. pampasense; trials with this species will 
have to be repeated to check this result. 

(ii) Hatching trial with excretions obtained from roots.—The roots of 
the plants used in the field trial described above were left in tap-water 
overnight, and the solutions were then tested on eelworm cysts in sets 
of 50, using a single-cyst technique [11]. Emerging larvae were counted 
for 17 days. Root-excretion obtained from the Great Scot control plants 
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TaBLe 4. Field Trials, 1943 


Species EP.C. Field observations 

S. tlaxcalense . : 9 Poor plants; brown cysts 

S. saltense. ” : : 51b  Well-developed small plants; some brown 
cysts, a number white 

S. tarijense : . : 144.2 Well-grown small plants; roots broken badly 
when lifted, but one brown cyst definitely 
found 

S. phureja. , F . Se Small plants; attacked 

S. calcense P ; - 450 Very strong plants, stronger than British; 
very few cysts indeed considering size of 
plant 

S. pampasense . ; - 534.2 Small healthy plants; no cysts found 

S.acaule . ‘ ; « 33c8 Tiny plants; brown cysts found 

S. tuberosum var. Great Scot a Strong plants; heavily attacked; cysts more 


mature than in S.A. spp. 


and therefore of the same age as the S. American excretions it replaced, 
was then substituted. The very small response was thought to be due 
to the age of this sample; however, freshly prepared root-excretion of 
this type failed to induce a response; as it was then October it is possible 
that the cysts had by then become dormant. ‘The experiment was, there- 
fore, somewhat disappointing, as there are no figures for the response of 
the different cyst groups to the control root-excretions to compare with 
the response to the S. American excretions; detailed analysis of the 
results was therefore not attempted. The figures for total emergence 
in excretions of the different species are shown in ‘Table 5. 


TABLE 5. Hatching Tests with Root-excretions, September 1943. Mean 
Number of Larvae emerging per Cyst (a) in S. American Excretion and 
Controls, and (b) from the same Cysts in Great Scot excretions 

l 








Mean No. of larvae 


Species | E.P.C. | emerging per cyst 

| (a) (b) 

SS. tlaxcalense ; : 7 9 | os | @2 
S. saltense . 4 x at sib | o8 06 
S. tarijense . . : — 144.2 7 fee: 3 
S. phureja - ‘ - | 334 o'9 3°4 
S.calcense . : , «| 450 5°9 03 
S. pampasense : : olf 534.2 9°8 | Of 


S.acaule. 7 : | “Egra og rr 
S. tuberosum var. Great Scot . | ; | 24 0'7 





In these experiments the emergence of larvae in excretions from 
S. tarijense, calcense, and pampasense was greater than emergence in 
Great Scot root-excretions; the result with the last of these is of par- 
ticular interest in view of the result of the field trial. The remaining 
5. American species stimulated very little larval emergence. Comparison 
of these results with the field observations shows that, in the main, these 
two groups correspond with the plants which were fairly vigorous, and 
those which were either small or lacked vigour. Little reliance can be 
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placed on the negative results with the latter group: but the positive 
result with the first group is quite definite; clearly these species possess 
considerable stimulating power. 

(iii) Hatching trials with soil leachings.—Soil leachings were obtained 
on July 22 from 18 S. American species growing in the greenhouses of 
the Imperial Bureau at Cambridge. All the plants were then in fairly 
vigorous growth. The plants, pot-grown, were watered, and then, some 
hours later, more water was added until it ran out at the bottom. The 
leachings collected were used in hatching trials carried out in Newcastle 
using a single-cyst technique with 40 cysts in each group. Leachings 
from a Great Scot plant, obtained in a similar fashion in Newcastle, and 
water, were used as controls. ‘The experiments were set up on July 23. 
Larvae were counted each day for 14 days; the original sample of Great 
Scot root-excretion was then substituted and larvae counted for another 
5 days. 
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TABLE 6. Hatching Tests with Soil Leachings, Fuly 1943. Mean Number 
of Larvae emerging per Cyst (a) in Soil Leachings from S. American and 
the Control Great Scot Plant and (b) from the same Cysts in the Control 








Leachings 
Mean No. of larvae | 
emerging per cyst | — 
Species | EPC. | (a) | (6) | a+b” 
S. Ascasabii . ‘ , ’ : 827b_ |—sda's 9°9 13°2 
S. Commersonii ‘ : ‘ ; 1321 | 63 69 47°7 
S. pampasense . : : ‘ j saa i GG ; S86 | 5 
S. Yabari P . ; ‘ ; 452 | 21 | 65 24°4 
S. anomalocalyx . . ; ; 122 | 10 100 6 | 
S. glanduliferum : , P , 52 I'l 160 | 8-7 
S. not identified : : ; d 1394 o8 | 83 | 88 
S. Berthaultii . : ‘ : ' 283 | Ss | 77 | 583 
S.lanciforme . , ‘ ‘ , 40.5 | or | 259 | 3:7 
S. cardiophyllum ‘ . ; : 25b | oF i a 
S.demissum . ; P : : ea ns nn i ef 
S. acaule | 1314 | o2 | 161 | 123 
S. Fendleri | 11440 | OO | 343 oo 
S. Yabari ‘ ‘ a1 557 4°5 72 38-4 
S. acaule var. punae . . ‘ -| #369 | oo | 9 2°9 
S. Churuspi : | 68:1 | 073 83 | 3°5 
S. depexum . , , - | 82 | oo 65 | oo 
S. Maglia . , , 1365 o"4 3°5 10°2 
S. tuberosum var. Great Scot ; ot es 49°4 30 95°7 
Water . ; ‘ : , : ns | oo I'l rode) 








Results are summarized it in “Table 6 asin Table 3. ‘The results show 
that (1) the emergence in the root-excretion of the S. American species 
in no case approaches the figure for the domestic variety, Great Scot; (2) 
emergence in the former species is very low in nearly all cases, and in a 
few even zero; (3) the percentage figures in col. 3 show that cysts which 
produced very few larvae in the first phases of the experiment could pro- 
duce large numbers of larvae if transferred to a 14-day-old sample of 
Great Scot root-excretion. Incidentally, it is noteworthy that in this and 
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also in the previous experiment of the same type, cysts which had 
been in water for a fortnight did not, as shown by Boyd [12], hatch more 
vigorously on transfer to root-excretion; this may be a cyst difference. 


1944 

Field trials—Fourteen S. American species and 3 species hybrids 
were planted in infected soil. Three specimens of each were available, 
and they were randomized throughout the plot. Examination of their 
roots 3 months later showed that they had all been attacked. Field 
observations are shown in Table 7. No hatching trials were carried out 
with root-excretions from these species. 


TABLE 7. Field Trials, 1944 


Species EPC. Field observations 
S. saltense. : : P 51b White cysts 
S. jujuyense : ‘ ‘ 84.1.1 Tiny plants; attacked 
S. tarijense : : . 144.2 Some brown cysts; not strongly attacked 
S. Schickii : ‘ . sens Small plants; yellow and brown cysts found 
S. gibberulosum . : . TEs7 Small plants; brown cysts found: cysts also 


found on tubers and underground shoots in 
greater number than usually found in this 
situation 


S. Garciae : : > gags Yellow and brown cysts 

S. commersonii . ; - 45920 Small plants; fairly heavily attacked 

S. Parodii. : % . 1316.1 Good plants; very few yellow cysts ; no brown 
cysts found; plant about 10 = size of adja- 
cent S. commersonii plant, yet only about a 
tenth No. of cysts 

S. semidemissum . : : I ee 

S. verrucosum . ; - 31940 Slender smallish plants; some brown cysts 

S. Antipoviczii . : . Tea7 Brown cysts 

S. tlaxcalense . 9 Brown cysts 


S. calcense x S. Cardenasii (450 < 284).1 Brown cysts 
a os a » (450 X 284).3 Brown cysts 
” ” ” ” (450 x 284).4 Brown cysts 
S. tuberosum var. Great Scot a Strong plants; heavily attacked 


Discussion 


Nearly 40 species of S. American tuber-forming members of the genus 
Solanum have been shown to be susceptible to eelworm attack; when 
grown in infected soil eelworm cysts will be formed on their roots. 
Cysts were not found on the roots of either of the two specimens of 
S. pampasense tested, but trials with this species will have to be repeated 
to check this result. Most of the plants belonging to the species tested, 
however, appear to be much less strongly attacked: fewer cysts are found 
and in some cases a species has been classed as susceptible because of a 
solitary cyst found on its roots. In many cases the cysts were more 
immature than cysts on similarly grown plants of Great Scot, suggesting 
that the attack was delayed or was less successful. Moreover, the hatch- 
ing trials, with these and a number of other species, 56 forms in all, show 
that in most cases root-excretions from these plants are far less effective 
in stimulating larvae to emerge from the cysts than those from the 
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domestic variety. Indeed, two species, S. Fendleri and S. depexum, 
stimulated no emergence at all; field trials of these species will be of 
interest. Many of the plants manifesting these differences in degree of 
susceptibility or stimulating power were apparently as vigorous as the 
Great Scot plants used as controls. Nevertheless, though differences of 
this sort are so apparent, it would clearly be unwise to draw more than 
tentative conclusions from the results of the present tests; an attempt 
must be made to control the factor of host vigour. 

Gemmell [1] has recently shown that cysts from two British potato 
varieties were smaller,.and produced fewer larvae, even when compared 
with cysts of the same size, than cysts from two other varieties; more- 
over, when subjected to the same degree of infestation fewer cysts were 
formed on these varieties. A preliminary test has shown that this 
interaction can also be expected with the 5. American species. In the 
1943 experiments the pot-grown S. calcense plants grew more vigorously 
than similarly grown Great Scot plants (Table 4). Cysts were collected 
from the roots of both these types of plants and tested in the following 
year with root-excretions of the domestic variety, using a single-cyst 
technique. Very few cysts were found on the S. American plants and 
only 30 were available for these tests; 50 cysts from the Great Scot 
plants were used as controls. The results are shown in Table 8. 


TABLE 8. Emergence of Larvae from Eelworm Cysts borne on S. calcense 
and S. tuberosum var. Great Scot, when stimulated by Root-excretions from 
the Domestic Variety 


| | Larvae 
| 








%, | Larvae | per cyst, | Mean vol. 
No. of | producing | per cyst, | productive | of cyst 
Species cysts | larvae | all cysts | cysts only (c.mm.) 
S. tuberosum var. Great | | | | | 
Scot . ‘ ; ; 50 «6©|~—l 460 6°3 | 137 | «oc 
S. calcense E.P.C.450 .| 30 | 267 | 20 | 74 | 0400 





Clearly cysts from the S. American species are markedly inferior. 
Statistical analysis of the diameters of the two sets of cysts disclosed no 
significant difference in cyst-size. Similar analysis is hardly necessary to 
demonstrate the significance of the difference in productivity; fewer 
cysts produce larvae, and far fewer larvae are produced by each cyst. 
Clearly, then, the possibility of host-parasite interaction of this sort must 
be borne in mind; but the fact that some eelworms are able to complete 
their life-history and form cysts and that these produce larvae, even 
though in smaller numbers, would provide an adaptable parasite with 
the opportunity of evolving into a more suitable form; the cycle would 
not be completely broken. However, if a completely insusceptible form 
appears unlikely, relative susceptibility must be considered in more 
detail. 

As already pointed out, the present series of tests were designed to 
obtain a qualitative answer; the question of relative immunity was largely, 
and deliberately, neglected. For example, statistical analyses were not 
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carried out even when the data would have lent themselves to such treat- 
ment; this was deliberate. If larval emergence occurred in root-excretions 
or soil leachings, the only conclusion drawn was that the particular 
species was capable of stimulating emergence; even less definite con- 
clusions were drawn if little or no emergence occurred. Conclusions 
were not drawn about relative susceptibility because the vigour of the 
plant producing the root-excretions was unknown. So, too, with the 
results of the field tests. Yet the majority of the roots of S. American 
plants had to be searched very carefully for cysts; the converse was true 
of the Great Scot plants, for it was almost impossible to discover portions 
of the root which were not covered with cysts. Moreover, it is quite 
certain that in some cases the vigour of particular S. American plants 
was not less than that of the controls, and that Great Scot plants of 
similar apparent vigour would have been much more heavily attacked 
and would have produced root-excretions capable of stimulating vigorous 
hatching. Nevertheless, a method of estimating vigour is clearly neces- 
sary if experiments on relative immunity are to have any value; a step 
in this direction has already been taken [13]. 

The assumption is made that the production of root-excretion is a 
function of the metabolism of the root: the oxygen consumption of the 
root-mass from which the excretions are obtained is measured and used 
for standardizing the solutions of root-excretions. In a test with cysts 
from the Great Scot plants, a solution of root-excretions produced by 
the S. American species S. calcense stimulated fewer larvae to emerge 
than a solution from the domestic variety; yet, by this standard, the 
former solution was 50 per cent. stronger than the latter. Moreover, 
cysts from the S. American species tested with 5. American excretions 
and with Great Scot excretions gave the same result (unpublished); cysts 
from the S. American plants produced hardly any larvae in S. American 
excretions, whilst the emergence from those cysts in Great Scot excre- 
tions was considerably greater, though less than the emergence from 
cysts off the control plants (‘Table 7). These differences in response to 
root-excretions show that from equal respiring masses the quantity of 
root-excretions produced by the S. American species is less, or that it is 
different in type. Clearly, in either case a genetical difference between 
the species in root-excretion production is suggested; and complete 
insusceptibility is conceivable genetically. ‘The difference between these 
two species suggests, therefore, that a species of Solanum may exist 
which does not stimulate the emergence of eelworm larvae. Neverthe- 
less, that representatives of so many species were found to be susceptible 
indicates that a completely insusceptible species is, on the whole, un- 
likely. The search for such a species will be continued, but it is clear 
that the emphasis should be shifted to the question of relative immunity, 
rather than absolute insusceptibility. 


Summary 
As larvae of the potato-root eelworm emerge from the cysts only when 
stimulated by excretions from the roots of the potato plant, it is possible 
to envisage plants which, not producing the appropriate stimulus, are 
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completely free from attack. The present paper describes tests for such 
plants, carried out since 1941, on S. American tuber-forming species of 
the genus Solanum. 

Representatives of about 40 pores were found with eelworm cysts on 
their roots after growing in infested soil, and root-excretions from 56 
forms were found to stimulate larval emergence; negative results in both 
types of test need repetition. In most cases the S. American forms 
appear to be less susceptible; fewer cysts are found on their roots, and 
their root-excretions stimulate fewer larvae to emerge. These differences 
are not always due to differences in vigour; they are shown in experi- 
ments with ‘standardized’ root-excretions, and by plants which are 
clearly more vigorous than those of the domestic species S. tuberosum. 
An experiment is described which suggests that cysts from the S. Ameri- 
can species may also be less viable. 
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er TE work of geneticists such as Wright [1] and Dobzhansky [2], of 
ses | SyStematists [3], and of ecologists [4] on problems of natural evolution 
ri. | Points to the need of thinking in terms of populations rather than of 
pina individual animals each carefully passed over a sieve of fitness. The 
aie same concept must apply to populations of farm live stock. Investiga- 


tions have already been made of various aspects of live-stock populations, 
of which those by Davidson [5] on the relation of taurine cattle to 
climate, by Nichols [6] on the distribution of British pure-bred flocks 
of sheep in relation to environment, by Lush and Lacy [7] and Smith 
the | and Robison [8] on the ages of cattle, and by Donald and Auerbach [9 
re on the duration of individual pedigree herds of pigs, may be mentione 
for | as examples. The objects of these studies were as variable in nature as 
pt; their subjects, but following the development of the field of population 
jee genetics, they come to have an extended significance and to be unified 
within the limits of the population approach to animal-breeding 
problems. 

Before any advantage can be derived from the results of evolutionary 
htii } studies on populations of wild animals, and before means can be devised 
for raising the rate of evolution in domestic live stock, it seems necessary 
™ to obtain detailed knowledge of the size, distribution, and biology of 
existing populations. In furtherance of this aim a study has been made 
fe- | of the population dynamics of the Red Poll breed. During the work 
a long account of the same breed in 1929 by Kislovsky [10] appeared, 


hy | the object of which was to consider the history of an improved dual- 
J. purpose breed and to compare the organization of breeding in England 
with that adopted in Russia. The plan of the work in respect of the 

lera Red Poll breed was accordingly modified to avoid unnecessary repeti- 
heii | ton, but its general objective remains the same as before. ‘The present 


account deals with the growth and distribution of the breed in England 
II. up to 1939. , 

ics, Origin of the Red Poll breed.—As with most other breeds, the origin 
of the Red Polls is rather obscure. At the end of the eighteenth century 


eo the existence of local races of cattle in Suffolk and Norfolk was recog- 

nized by agricultural writers like Dickson [11]. In Suffolk the prime 
the purpose of the cattle appears to have been for the dairy, and they were 
43; known as Suffolk Duns. Culley [12] attributes their hornlessness to 
dt admixture with Galloways which were driven at about 3-4 years of age 


30, from SW. Scotland to East Anglia to fatten for the London market. 

Arthur Young (quoted by Euren [13]), besides noting the variety of 

the colours, commented on the haphazard breeding and pointed out that 

there was ‘no such thing as a bull more than three years old’. In Norfolk 

the early cattle appear to have been horned, but these gradually gave 
3988-52 N 
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way to the polled type, probably by means of crossing with Suffolk 
cattle. Crossing in those days was common, and it seems very possible 
that the present qualities of the Red Poil have been extracted from the 
admixture in some degree of many kinds of cattle. 

There is no way now of determining how much the old-established 
stocks in Norfolk and Suffolk, which eventually contributed to the 
foundation animals of the herd-book, owed to introductions from other 
areas during the 100 years preceding the establishment of the herd-book. 
During that time, however, it was realized that the local type had milk- 
and beef-producing qualities which were worth preserving in the face 
of competition of other types developed under different conditions of 
soil and husbandry. The official breed history [13] regards 1846 as the 
date of the effective merger of the Norfolk and Suffolk varieties, fol- 
lowing the establishment of comparable Show classes in the two 
counties. In 1873 a conference of breeders decided to start a herd-book, 
and agreed on a standard description that specified a deep red colour 
and complete absence of horns, from which it may be concluded that 
the majority of cattle bred by the more prominent exhibitors was already 
red and polled. 

Up = ipoeone no mention was made in the standard description of the 
purpose for which the cattle were kept, but in that year it was laid down 
that the objective was to combine the highest standard of beef with 
a satisfactory milk yield. 

Growth of the breed.—The size of the female population of registered 
Red Poll animals in Great Britain can be judged approximately from 
the annual registrations of heifers by multiplying these by 5 [14]. The 
changes in population-size can therefore be seen from Fig. 1, which 
shows the number of herd-book entries of males and females from 1877 
to 1942. The early expansion of the registered part of the breed appears 
to have been mainly in the U.S.A., for after the setting up of a herd- 
book there in 1900, a substantial fall in registrations occurred. From 
that time until 1914 the population of females in Great Britain remained 
more or less stationary at about 2,500 animals. A period of rapid expan- 
sion followed. During the next 19 years the population rose to about 
11,000, at which level it remained for about 7 years, ending in 1941. 
In 1942 there was a sudden further increase due to the war-time expan- 
sion of interest in pedigree breeding. 

Fig. 1 also shows the actual size of the female population in several 
selected years. The agreement with the numbers expected from the 
number of registrations is close, except in 1887. In the early days of 
the herd-book, females were sauna at various ages instead of almost 
wholly in their first year, consequently the actual population is smaller 
than 5 times the number of registrations. It seems possible that when 
a period of expansion starts, the population may increase for 2—3 years 
at a slower rate than registrations until the extra females reach repro- 
ductive age. When a decline in registrations occurs, the total population 
may remain relatively larger for a time owing to the previous higher 
intake of heifers. This presupposes that registrations are the means of 
changing the population-size, and raises the question as to the nature 
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of expansion and contraction in population numbers. Is it due to 
changes in the number of registrations or herds, or to greater herd-size? 

Before considering these questions it is worth noticing that the wide 
fluctuations in numbers characteristic of many wild animals have not 
occurred in this population [4]. Instead, there has been a period of 
comparatively constant population-size, and a long period of increase; 
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Fic. 1. Growth of the Red Poll breed in terms of numbers of males and females 
registered each year in the herd-book since the foundation volumes. The year refers 
to that in which the females were born. The first three volumes of the herd-book 
included females born prior to 1877, 1883, and 1886 respectively. Up to 1900, 
animals bred in the U.S.A. were also registered, but thereafter only animals born in 
Great Britain, hence the fall in numbers in 1go1. 

Actual size of female population. 


periods of decline have not as yet been experienced. In spite of this 
appearance of long-term trends, rapid changes are continually taking 
place in the population. Herds arise and disappear, animals are born 
and die, but as compared with most wild animals, these processes under 
the influence of man preserve a degree of balance which prevents the 
whole population from changing wildly in numbers. ‘The genetical 
significance of fluctuations in population numbers has been pointed out 
by Wright [1] and Dobzhansky [2] and lies in the sampling of the 
original population accompanied by the possibility of inbreeding and 
considerable changes in gene frequency. ‘This has so far not occurred 
in the Red Poll breed. Other breeds, such as Gloucester Old Spot pigs, 
Tamworth pigs, Longhorn cattle, and Blue Albion cattle, have under- 
gone drastic reductions in numbers which may lead, if the breeds 
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recover, to altered characteristics. Loss of popularity in these cases 
corresponds to epidemics or starvation in nature. 

Nature of the expansion in population-size-——The data necessary for 
this investigation have been obtained from the annual lists (published 
in the herd-book) of all pedigree animals in each herd. Great accuracy 
in such data is not to be assumed, but it is felt that in this case con- 
siderable reliance can be placed on the figures since several checks have 
given satisfactory results. The age-distribution of animals within the 
herds, the comparison of number of herd-book entries with number of 
young stock, the comparison of herds supplying herd-lists with those 
making herd-book entries, and the regulation requiring herd-lists to be 
made before registrations will be accepted, all justify this reliance on 
the numbers and sizes of herds. 

Changes in a number of characteristics of the Red Poll population 
have taken place since the herd-book was started. These are shown in 
Table 1 for years selected so as to refer to periods of both steady 
numbers and expansion. 


TABLE 1. Changes in Characteristics of the Pedigree Red Poll 
Population between 1887 and 1939 





% of herds 








| Av. size entitle % of Ratio 2°. regd. 
Total herd = total 2° C°/83 |as%o 

No. of 99 in No of | 1-40 | > 4o0| in hinds of ay ar’ 

Year herds populn.t ; eQ)ft ; 2° one, __> 40 oho) populn. eo = 
1887 122 | 1,816 | 15 93 7 34 6°8 43 
1902 83. | 2,445 29 82 18 52 11°6 22 
1915 91 | 2,412 27 85 15 44 10°9 21 
1922 372 5,998 16 93 3 30 8-1 24 
1929* 352 10,683 30 ea ie oe <a 19 
1939 276 | 11,534 42 62 38 73 18-9 18 











* From Kislovsky [10]; total population and average herd-size includes about 
7 per cent. bulls. t+ Actual. ft 22 of all ages. 


The number and size of herds in 1939 were obviously not fixed 
characters of the breed. The war starting in 1939 will in fact have 
altered them in much the same way as the 1914 war led eventually to 
a large increase in numbers of breeders and a marked fall in the average 
herd-size. This is only to be expected when the number of new pedigree- 
breeders greatly exceeds the number which gives up pedigree breeding, 
and expands at a faster rate than the cattle themselves can maintain. 
The latter consideration must have been of importance in the period 
1915-22, when the number of breeders increased fourfold and the cattle 
increased to only 2-5 times the original number. This rate of expansion 
in cattle numbers is of interest in view of the estimate made in connexion 
with the re-stocking of devastated countries [15], that in 7 years a 
balanced stock would just double itself if encouraged by all means to 
do so. That the reproductive capacity of live stock is not the only 
limitation on the size of new herds is shown by the fact that the same 
observation regarding the decline in herd-size with rapidly increasing 
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numbers of breeders was made with Large White pigs [9]. The explana- 
tion is probably to be found in the extension of pedigree breeding to 
smaller enterprises, and in the practical and economic difficulties in 
changing from one class of stock to another. 

If the period 1902-15 (during which the number of herds, the 
population-size, and thus average herd-size, remained fairly constant) 
is taken as a basis for comparison, there appears to have been a real 
increase in average herd-size between then and 1939, from about 28 
females of all ages to about 42. During the same time the proportion 
of herds with more than 40 females and the number of females of all 
ages per bull (whether in use or being reared for use) also increased. 
It is noteworthy that the number of females per bull has throughout 
been about 40-50 per cent. of the average herd-size over the range 
15-42, so that when herd-size rose, the number of females per bull rose 
with it. From the point of view of sire-progenies, increases in herd-size 
should therefore be advantageous. It has been pointed out, however, 
that the actual numbers of mates per bull are not given in Table 1, and 
that a change in the proportion of registered bulls reared for crossing 
purposes would change the apparent number of females per bull. As 
far as the years 1919-39 are concerned (Fig. 1), the registration of bulls 
remained at about 300-400 per annum whilst the female population 
more than doubled itself. 

Apart from the high proportion of newly registered females in 1887, 
the ratio of registrations to total females has remained fairly constant 
at about 1:5, although a slightly downward trend is evident. ‘The 
expansion of the population has not therefore been encouraged by the 
registration of a higher proportion of the heifers born. Where, then, did 
the females necessary for the increased number and size of herds come 
from? Three sources are possible: (1) longer life of breeding cows, 
arising partly from (2) longer duration of herds, and (3) a higher pro- 
portion of surplus cows and heifers used for pedigree breeding; but the 
relative importance of these sources cannot be determined from the 
information yet available. During the period under review, no grading 
up scheme has been applied. 

Distribution of herd-size-—The percentage distribution of herd-size in 
the selected years from 1889 to 1939 is given in more detail in Table 2 to 
show the changes which have taken place. The proportion of the total 
female population which the various size-groups disposed of is also 
shown. (For a comparison of the 1939 data with those for other breeds, 
see [14]. 

Orit ay the small pedigree herd predominated, but by 1939 the 
larger herds (with more than 40 females) had increased in frequency 
both relatively and absolutely. ‘The number of females in these larger 
herds had risen from 34 per cent. of the breed to 73 per cent. More 
striking perhaps is the fact that, in 1939, 10 per cent. (28) of the breeders 
disposed of 33 per cent. of the total pedigree stock. Almost another 
third of the stock was in the hands of 50 more, out of a total of 276 
breeders. 

Herd-size is of both genetical and practical importance. It affects the 
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TABLE 2. Percentage Distribution of Herd-Size, and of Females 
of all Ages, according to Herd-Size 





Year: 1887 1902 IgI5 1922 1939 
Herd size Herds 9°. Herds 99° Herds O° |Herds| 22 |Herds| 22 














I-10 99 52 Il} 25 §| 23 5| 48 13| 18 3 
11-20 25 ag | 27 14) 28 16, 25 23) 19 4 
21-30 12 20] 19 16) 25 23 13 20| 14 8 
31-40 4 10 II 13 9 12 6 13 II 9 
41-50 3 10 6 10 I 2 4 6 10 II 
51-100 3 16| 10 m4 | 2 29 4 16 «618 29 

10I-— I 8 2 18 2 13 I 9 10 33 











Actual No.| 122 | 1,816! 83 | 2,445 | 91 | 2,412 372 | 5,998 | 276 | 11,534 





amount of breeding material in the individual herds and the scope for 
variously designed matings. Kislovsky has shown that about 1929 the 
breeders of the larger herds had relatively more success in shows than 
those with smaller herds. Whether this was a result of a greater degree 
of selection and wider choice of matings possible in large herds, or 
merely the result of better facilities for bringing out show animals, is 
not clear. Some of the largest herds in 1938 had used up to 7-8 bulls 
in one season, and there must have been the opportunity to try out 
a number of younger bulls while the older ones were still in use. 

The increase in herd-size in the early days of the herd-book was no 
doubt partly due to the conversion of mixed herds to wholly pedigree 
herds, but since 1887 it is also possible that the carrying capacity of 
farms has increased, and that the breed has tended to move towa.ds 
a better class of land. Any improvement in the breed attributed to 
selective breeding would then be confounded with improvement in the 
conditions of feeding and rearing. 

Geographical distribution of Red Poll herds.—The location of pedigree 
herds is of much interest from many points of view. It impinges upon 
problems of regional breeding-plans, adaptation to local environments 
and markets, bull-licensing, artificial insemination, crossbreeding, and 
intra-breed comparisons of performance. Changes i in location and the 
spread of a breed to new areas are interesting for the same reasons and 
also show whether a breed is trying to adapt itself to new or more varied 
conditions and purposes. Maps have accordingly been made to show 
the location of all pedigree Red Poll herds in 1887, 1g02, and 1939, and 
these are reproduced in Figs. 2-4. In each year there were a very few 
small herds in Ireland and Scotland, but these have been disregarded. 
A size-distinction has been made separating large herds of over 100 
females of all ages from medium herds with 21-100 females and small 
herds with 1-20 females. 

In 1887 the great bulk of the cattle were to be found in Norfolk and 
Suffolk on land characterized generally by mixed farming with arable 
cropping, or more particularly by sheep, corn, and cash cropping (see 


[16], and Types of Farming Map, Ordnance Surv ey, 1944). The herds 
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with one exception were small or medium-sized and were well scattered 
over the whole area, but with a slightly greater density around and to 
the west of Norwich in Norfolk. Already, however, there were outliers 
to the west and south of England, pointing out the direction of future 
expansion. In 1902 there were more cattle but fewer herds. The latter 
seem to have moved slightly to the south in the eastern counties, and 
a noticeably larger proportion have moved west and south into areas 
where the emphasis in farming varied from dairy cattle to sheep and 
corn. Between 1915 and 1939 a big expansion took place not only in 
Norfolk and Suffolk, but also in practically the whole of England south 
of a line from the Mersey to the Wash. A few medium and small herds 
are also to be seen north of that line, and it will be interesting to see 
whether they become the forerunners of a later northward movement 
or unsuccessful pioneers. Much may depend on how far the breed 
moves in the direction of single-purpose dairying and on how far the 
wish to de-horn dairy cattle leads to a demand for bulls. The greatest 
density of herds in 1939 was around Ipswich in Suffolk, the southward 
trend in the eastern counties noted in 1902 becoming more manifest. 
New centres of breeding developed north of London, around Horsham 
in Sussex and Reading in Berkshire. Practically the whole of southern 
England excepting Devon and Cornwall contained scattered herds, and 
to the west the border of Wales was reached along most of its length. 

Red Poll cattle are now kept under a wide variety of climatic and 
husbandry conditions. They are no longer essentially a breed of the 
eastern counties. 

Breed expansion has thus been not only a question of increased 
numbers and size of herds but also of extended range. It will be seen 
that the largest herds by no means follow only in the wake of the 
smaller, or maintain themselves only in centres of breeding. As the 
1939 map shows, they are widely spread and occur sometimes in areas 
isolated by considerable distances from centres of breeding. 

Pedigree bull production and herd-size in relation to location.—In deter- 
mining whether the original breeding areas of Norfolk and Suffolk have 
retained their former predominance in bull production, and whether 
the spread of the breed has resulted in any change in herd-size, the 
years 1915, 1922, and 1939 have been chosen so as to cover the main 
phase of territorial expansion between phases of comparatively stable 
population numbers. 

‘Table 3 shows that by 1922 the proportions of the breed within and 
without the original breeding area were approaching equality in numbers 
of herds and of bulls registered. Since then the population has expanded 
more outside Norfolk and Suffolk than inside. Nevertheless, the fluctua- 
tions in herd-size which have occurred have been similar in direction 
and size. This suggests that the factors controlling herd-size (including 
the rates of increment and loss in the numbers of new herds) were the 
same in England generally as they were in East Anglia. 

Table 3 also shows that in 1939 more than half the males registered 
were bred outside East Anglia. It may be thought that the original 
breeding-area might nevertheless have retained its old importance in 








SO cel oe a 


Ay —_—ae ewe 


a Se Oe Pe 


THE PEDIGREE RED POLL CATTLE IN ENGLAND 179 


TABLE 3. The Numbers of Red Poll Bulls registered, and the Number 
registered per 100 Females of all Ages, in 1915, 1922, and 1939, according 
to herd-size, and to herd location 











No. of 33 regd. 


Average herd-size 





iii No. of 33 regd. aes per 100 99 (No. of herds) 
(total 29) Loc. | 1915 | 1922 | 1939 | 1915 | 1922 | 1939 1915 1922 1939 
I-20 NS* 25 67 16 61 6-7 371 12 (35) 8 (120) 12 (43) 
re I 78 13 1°3 6°5 2°3 8 (11) 8 (154) | 10 (60) 
21-100 NS 46 93 72 5°0 5°9 2°6 39 (24) 32 (49) 43 (64) 
R- 26 86 93 37 5°0 2°4 36 (19) 38 (45) 47 (81) 
I0I- NS 18 33 37 5°6 6-4 22 162 (2) 128 (4) | 131 (13) 
_ ae ae ee Pe ee ee 1°8 o | 144 (15) 
Total NS 89 193 125 5°4 6-2 2°5 27 (61) 18 (173) 41 (120) 
R 27 164 145 3°6 5°6 2°2 26 (30) 15 (199) 42 (156) 
Grand total or 7 ; ay: aS hae a ; aii ie 
average 116 357 270 4°8 6:0 2°3 27 (g1) 16 (372) 


42 (276) 





* NS = herds in Norfolk and Suffolk; R = herds not in Norfolk or Suffolk. 
In each year a few more bulls than are shown were registered from herds dispersed before the 
herd-list was compiled. 


the breeding of bulls for use in pedigree herds, but this does not appear 
to be so. ‘Table 4 shows the distribution of animals registered in the 
1940 herd-book according to the location of the herd where they were 
bred and to the location of the herd in which their sires were bred. 


TABLE 4. Percentage Distribution of Herd-book Entries (1940) according 
to Location of Herd and of Herd in which Sire was bred 





| %, of all registered 


Location Sires No. of % of all — 
of herd bredin ° sires sires $3 
NS | NS 153 33 35 32 
| R 43 9 10 Il 
R | NS 71 15 16 17 
R 202 43 39 40 





It will be seen from this table that about half the animals registered 
(51 per cent. of the males and 49 per cent. of the females) were the 
progeny of bulls bred in Norfolk and Suffolk. The four categories of 
sires produced progeny in proportion to their numbers, which implies 
that the origin of the sires and the location of the herds in which they 
were used did not make any difference to the amount of use made of 
them for pedigree purposes. The majority of sires used in Norfolk and 
Suffolk were bred there; likewise the majority of sires used outside these 
counties were bred outside them, but there was nevertheless a sub- 
stantial movement of sires in both directions. In Norfolk and Suffolk, 
43 of the 196 bulls which sired registered progeny were imported, whilst 
71 of the 273 sires in the rest of England came from Norfolk and Suffolk. 
This rate of migration, if it applied to all breeding areas within the 
geographical regions adopted here, would effectively prevent the breed 
from breaking up into local types [1]. 


Vitis 
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The rate of registered-bull production as measured by the number 
of bulls registered per 100 females of all ages was low (2-3) in 1939, as 
in purely dairy breeds, but at the time of rapid breed expansion (1922) 
it was naturally much higher (6-0). As can be seen from Fig. 1, the 
rate has been falling since then, the number of bulls bred remaining 
more or less stationary (up to 1939) while the total female population 
increased. Latterly about 1 bull was entered in the herd-book for each 
43 females in the herds, that is, about 1 bull per 20-22 calved cows, or 
10 per cent. of the available male progeny. In each herd-size class, the 
figures for Norfolk and Suffolk show a somewhat higher rate of bull 
production than the others, but this has become insufficient to outweigh 
the actual numbers bred elsewhere. 

Kislovsky [10] has also considered the question of bull production. 
He found that in 1929 the numbers of bulls registered per 100 head in 
his three herd-size classes (70 or more, 30-69, and 1-29 head) were 3:5, 
3°11, and 1-64, and concluded that the breeders with large herds pro- 
duced relatively many more bulls than breeders with smaller herds. In 
the preparation of ‘Table 3 the number of bulls per 100 females of all 
ages has been given instead of per 100 head including males of all ages. 
The figures also differ from those of Kislovsky in other ways. The total 
number of females is taken from all herds in a given size-class whether 
or not they happened to register bulls in the particular year taken. This 
has seemed preferable to Kislovsky’s method of taking only the females 
from herds which entered males, since in a given year small and medium 
herds must often happen to register none, but are not on that account 
to be disregarded as non-bull-breeding herds. Further, in addition to 
the different basis for the size-classification of herds, the data in Table 3 
refer to all young bulls from existing herds, whereas Kislovsky’s refer 
to 297 out of a total of 369. Finally, they refer to different years. 

The conclusions to be drawn from the data are also different from 
those drawn by Kislovsky. It appears that, taking the smallness of the 
numbers of bulls into account, there was probably little real variation 
between herd-size groups. Such differences as there were implied that 
the medium and small herds reared relatively more bulls than the large 
herds, and that herds in Norfolk and Suffolk produced relatively more 
bulls than herds elsewhere. 


Discussion 


Although it is not to be expected that dairy cattle would show the 
same high degree of adaptation to environment as do sheep [6], pedigree 
Red Poll herds and presumably non-pedigree herds were largely re- 
stricted to Norfolk and Suffolk for many years, and were no doubt 
developed to meet the particular needs of that locality. Since 1900, 
however, the range has been extended to cover the greater part of 
England. Whilst the breed still appears to be associated mainly with 
arable farming, many herds are now to be found in what are essentially 
dairying districts, and the tendency may be growing to shift the breed 
in the direction of longer leys or permanent pasture, and to emphasize 
milk at the expense of beef. Nichols has referred to changes in breed 
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characteristics in sheep following their introduction to new breeding- 
areas, and the same thing has happened to British breeds of sheep and 
cattle established overseas. 

When the range of environmental conditions to which a breed is 
exposed is extended within Britain, with the consequent increase in the 
possibilities of cross-breeding and in the variation of economic condi- 
tions of production and marketing, it is easy to see how a tension could 
develop, especially within a dual-purpose breed, owing to the conflict 
of purposes. The Red Poll may therefore face a situation similar to 
that facing the Shorthorn breed within which breeders may be found 
pursuing the whole range of ideals from purely beef to purely dairy 
types. 

As Nichols has shown, the distribution of pedigree-sheep flocks is 
complicated by the need to breed rams of some breeds near to cross- 
breeding areas in which they are wanted, which leads to secondary 
aggregations of pedigree flocks. Whilst this factor may affect the dis- 
tribution of certain cattle breeds, such as the Aberdeen Angus, it seems 
unlikely that the Red Poll has been much used for crossing in the past. 
The great preponderance of female herd-book entries resembles that 
found in other breeds not widely used for producing cross-breds [17]. 
Owing to the interest in de-horning dairy cattle, the Red Poll may come 
to be used much more for crossing purposes, and to have added 
incentive to establish itself in dairying areas. 

According to Table 4, the whole of the pedigree Red Poll progeny 
registered during 1939 was sired by 469 different bulls. ‘This is not the 
actual number of sires from which the next generation is derived because 
some, particularly in small herds, may have left no progeny in the year 
studied, and because others, although included, will be represented by 
progeny that do not ultimately contribute to the later generations of 
the breed. Since the average number of registered progeny per sire in 
1940 was only about 4 females and fewer males, there are probably 
many sires in use which will not appear in the pedigree of any animals 
a- generation or two hence. Further, some sires leave many offspring 
and others leave very few. These and other considerations enter into 
the conception of the population number (N) of Wright [1], who used 
it in the sense of two random samples of gametes, N sperms and N eggs, 
drawn from the total gametes produced by the generation in question. 
It thus applies only to the breeding population. When the number of 
progeny varies greatly among parents, the effective size of N is much 
less than the actual number of parents. When there is considerable 
disparity in the numbers of males and females, as in cattle, the effective 
size of N is closer to the smaller than to the larger number; with an 
unlimited number of females N becomes about four times the number 
of males. 

On this basis it would appear to be very likely that the effective size 
of N for the Red Poll breed in 1939 was considerably less than 1,800 
(that is, 4 times the observed number of sires). Even with a population 
of less than 2,000, it follows from Wright that in respect of many genes 
for which there can be little selection there is a gradual process of loss, 
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or fixation in the homozygous condition, which bears no relation to the 
aims of breeders. It also follows that the mild selection for some genes 
which might be effective in large populations will be ineffective in 
populations as small as this. For genes subject to stronger selection 
such that for 100 desired genes gg undesired genes are present in the 
breeding population, some progress may be made in the face of the 
random effects of sampling and mutation. Lush [18] considers that this 
intensity of selection is about all that can be credited to the usual 
breeding methods for such genes as affect the complex characters used 
by breeders in the choice of breeding stock. During periods of rapid 
expansion such as the Red Poll has experienced, selection for many 
genes must be still less effective. Since the population size (NV) is pro- 
bably considerably less than 2,000, the frequency of many genes must 
fluctuate at random, and the frequency of others must be merely held 
by selection from moving in undesirable directions. Gene-frequency in 
future generations clearly depends largely on a comparatively few sires, 
and the concentration of selection pressure on them will be the most 
efficient way of altering it, provided this pressure is directed throughout 
the breed against the same genes. This proviso calls for a co-ordination 
of breeders’ policies which must be very difficult to achieve in practice, 
especially in a dual-purpose breed with a wide territorial range, a free 
movement of sires, and a considerable annual influx of new breeders. 


Summary 


From 1887, when the first herd-book appeared, until 1914, the 
population of registered Red Poll females in Great Britain remained 
more or less stationary at about 2,500 animals. During the next 19 years 
the population rose to about 11,000, at which level it remained for the 
next 7 years ending in 1941. Another period of war-time expansion 
began in 1942. 

A close approximation to the actual size of the population of females 
of all ages was obtained by multiplying the annual number of female 
herd-book entries by 5. 

During the long period of expansion the number of herds increased 
but herd-size decreased. ‘The expansion in breed numbers was not 
obtained by registering a greater proportion of the heifers born. ‘The 
ratio of newly registered animals to total females in fact declined slightly 
between 1902 and 1939 from 22 to 18 per cent. It is suggested that 
the increase in population-size was achieved mainly by increasing the 
length of pedigree breeding life of the individual cows. In 1922 there 
were 4 times as many herds and 2:5 times as many females as there were 
in 1915. 

Although average herd-size changed considerably according to the 
rate of growth of the breed, there appears to have been a trend towards 
a larger proportion of herds with more than 50 females of all ages 
and a greater average herd-size. 

When the herd-book was started in 1887 the great majority of the 
herds were to be found in Norfolk and Suffolk. In 1939, more than 
half the herds and more than half the registered males and females were 
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bred in other parts of England. Maps are given which show that Red 
Poll herds are now distributed over the greater part of England. 

No evidence was found that sires bred in Norfolk and Suffolk were 
preferred to those bred elsewhere. Most of the sires bred in these 
counties were used there, but nevertheless a considerable movement 
of sires both into and out of them occurred. Small herds appeared to 
rear as many sires, in proportion to the number of females they com- 
prised, as did large herds. 

These observations are discussed in relation to adaptation to environ- 
ment and to the genetical implications of population size. 
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THE RESPONSE OF GRASSES AND CLOVERS TO 
TREATMENT ON ACIDIC UPLAND SOILS 


PART V. FACTORS INFLUENCING LONG-TERM PRODUCTIVITY ON 
MOLINIA AND FESCUE SOILS 


R. O. DAVIES 
(University College of Wales, Aberystwyth) 
AND 


W. E. J. MILTON 
(Welsh Plant Breeding Station, Aberystwyth) 


PERSISTENCE in an upland ley is essential in order to justify the expendi- 
ture on cultivation, manuring, and seeding that the establishment of such 
a ley entails. The effectiveness of reseeding from this yin gs largely 
depends on management, which involves the use of the right kinds and 
amounts of lime, manures, and seeds, and the adoption of a grazing 
technique that husbands the best species in the sward. Management, 
however, is only one factor determining productivity, and the response 
to management under one set of climatic conditions can be expected to 
differ greatly from that occurring in another. The productivity of re- 
seeded swards on the Molinia and fescue areas of Mid-Wales being 
closely related to the climatic factors, it is of interest to compare the rain- 
fall, sunshine, and mean temperature with those at a lower altitude, as 
given in Table 1, for the period covered by the experimental work dealt 
with in the present article. 

These records indicate that the climatic conditions in the maritime 
regions of Mid-Wales at an altitude of goo ft. do not differ greatly from 
those in the adjoining lowlands, and that at both altitudes the conditions 
are favourable for grass production. ‘There is a fairly uniform distribu- 
tion of a sufficiently high but not excessive rainfall, whilst the temperature 


TaBLe 1. Weather Observations at 300 and goo ft. in Mid-Wales for 
Period 1931-43. (Average figures for each month) 











300 ft. | goo ft. 300 ft. | 900 ft. | 300 ft. | goo ft. 
Altitude Rain (inches) Sunshine (hours) | Temperature (°F.) 
January. . | 421 4°14 59°4 534 | 39°6 37°9 
February ‘ ‘ 2°83 3°25 69°7 62:2 | 40°! 38°1 
March . ; i 2°33 gs a ee 107°8 42°7 | 41°6 
April . , ; 2°16 2:46 | 1468 1288 | 45°7 44°3 
May . . ‘ 2°74 2°56 | 1864 172°8 50°99 | 489 
June. ” ‘ 2°81 3°07 205'I 1890 58:0 | 55°4 
July. . - | 4°24 4°91 150°9 137°0 58:9 56°7 
August . . : 3°04 3°68 164°2 151°3 s7t | s7s 
September . ‘ 3°69 3°89 136°6 122°4 55°4 | 54°1 
October ; , 5°16 5°18 95°4 83°5 499 | 482 
November . , 4°21 4°25 58-6 52°3 45°1 | 43°4 
December . ‘ 3°65 3°84 | 49°3 43°9 42°3. | 40°6 
| 


Yearly Mean . - | 41°07 43°61 | 14401 | 13044 | 488 47°2 
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is high enough to encourage growth without entailing excessive losses 
through transpiration. The percentage difference in mean tempera- 
ture between the two altitudes amounts only to 3-3 compared with a 
difference of 6-2 in rainfall. 

The difference in hours of sunshine at the two altitudes amounts to 
10°6 per cent., and it is likely that the more frequent mists and greater 
cloud-density at the higher altitude has as great an effect as any single 
climatic factor in restricting productivity. The annual yields of dry 
matter forthcoming from untreated and treated plots at the goo ft. 
altitude (Llety-Ifan-Hén) over a period of twelve years (Table 2) were 
obtained on the exposed open hill where the high winds would tend to 
increase transpiration and lower soil temperature; and they were obtained 
in the absence of the grazing animal. The detailed layout of these plots, 
which were designed to study a combination of treatments on these hill 
areas, including the introduction of cultivated grasses and wild white 
clover, has already been described [1]. 


TABLE 2. Annual Yields of Dry Matter during the Period 1932-43 from 
Untreated and Treated Natural Herbage compared with Yields from 
Reseeded Plots (cwt. per acre) 





Molinia area Fesc ue area 
Treatment Max.| Min. | Mean Max. Min. Mean 
Natural herbage, no treatment (T) - | 270 1°6 46 | 17°0 38 i 
Cultivated and reseeded only (K) ; 8-4 re 4°5 | 12°5 4°6 8-0 


Natural herbage limed and manured (I) | 16-4 2°39. | 160°S | 15°% a3 | i933 
Cultivated and reseeded with lime and : 

manures (seed-mixture not including 

wild white clover) (G) .- . 26°6 G2 | ar | 39°2 96 | 15°6 
Cultivated and reseeded with lime and 

manures (seed-mixture including wild 

white clover) (B) . ; E - | 3@:2 70 | 16-4.| 33°7 | 11°8 | 27°6 





The data in Table 2 indicate that the natural herbage has given a much 
higher maximum yield than that produced on the area which was culti- 
vated and reseeded only. This high maximum was, however, obtained 
in the first harvest year (1932) before defoliation had produced its full 
effect in lowering the productivity of the coarse natural herbage. ‘The 
higher minimum yields obtained from the cultivated and reseeded area 
are due to the beneficial effects of cultivation rather than to reseeding, 
seeing that the poverty of these soils prevented the establishment of any 
of the sown species for more than a year, and the final establishment on 
these unmanured soils was extremely poor. ‘The results show that the 
effect of cultivation and reseeding on the yield of dry matter on these hill 
areas is negligible over a long period of time in the absence of lime 
and fertilizers. 

The higher minimum yields invariably obtained from the fescue area 
reflect the better drainage in the fescue as compared with the Molinia 


area, which, under the rainfall conditions gives a more favourable 
3988-52 oO 














186 R. O. DAVIES AND W. E. J. MILTON 


environment for herbage-growth at low levels of production. At high 
levels of production, however, the fescue area does not invariably give 
higher yields than the Molinia, and water-supply is evidently a limiting 
factor in summer at high yield-levels on the fescue slopes. 

For the above and other reasons the benefits to be derived from liming, 
manuring, and reseeding are not identical on the Molinia and fescue 
areas. ‘hus over a 12-year period on the Molinia area the average 
increase in dry matter as a result of liming and manuring the natural 
herbage is 135 per cent. compared with an increase of 85 per cent. on 
the fescue area. The actual mean yield over the 12-year period has been 
somewhat greater on the fescue area than on the Molinia area. This 
superiority was obtained in the absence of treading by sheep. The 
unsatisfactory consolidation on the Molinia sward gave a better oppor- 
tunity for the development of moss and lichen, and the high water-table 
during the winter created less satisfactory conditions for the root- 
systems of the sown grasses and clover. As a result, the persistence of 
oo sown species was greater on the fescue than on the Molinia area, 
and this was undoubtedly an important factor contributing towards the 
relatively higher yield on the fescue area. 

Comparing the limed and manured plots that were reseeded (B) with 
the natural hill herbage similarly limed and manured (1), we find that 
on the Molinia area reseeding gives 71 per cent. more dry matter than 
that obtained from the natural herbage. ‘This compares with an increase 
of 32 per cent. on the fescue area. The greater response from the 
Molinia plots is due to the low natural productivity compared with the 
fescue lon, the actual yields obtained from reseeding with lime and 
manure being not greatly different in the two areas. 

The outstanding part played by wild white clover under the pre~ail- 
ing climatic conditions in these areas is clearly indicated in Table 2. In 
its absence from the seeds-mixture (G) the improvement over the limed 
and manured natural herbage (I) is very considerably reduced. 

The above dry-matter yields, which were obtained where the grazing 
animal was entirely excluded, clearly indicate that higher yields are to 
be expected over a long term under such experimental conditions on 
these hill areas where the soil is cultivated and seeded, as well as limed 
and manured, than where lime and manures are used for the uncultivated 
herbage. Under conditions of controlled grazing, a greater difference 
than the above between the yield of dry matter from the manured, 
reseeded area and manured natural herbage would be expected owing 
to the much more rapid growth of cocksfoot and ryegrass compared with 
bent and fescue, and the return of more nutrients by the animal to the 
reseeded area than to the natural herbage area. Under our experimental 
conditions more nutrients were removed from the reseeded area than 
from the natural herbage without any corresponding return of nutrients 
to either. Nevertheless the results conclusively prove that the possi- 
bilities of improvement on the Molinia and fescue areas are by no means 
restricted to cultivation and reseeding, and that a very substantial 
increase in dry-matter yield is produced through the use of lime and 
manures on the natural hill sward. 
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Table 3 gives the effect of the various treatments on the yield of 
nutrients over the 12-year period. 


TABLE 3. Mean Annual Yield of Protein, Lime (CaO), and Phosphate 
(P,O;) during the Period 1932-43 (cwt. per acre) 








Molinia area Fescue area 
Treatment Protein. Lime | Phosphate \ Protein’ Lime Phosphate 

Natural herbage, no treat- 

ment (T) . : - | 0506 | o-o19g o'o12 0°725 0°035 o'021 
Cultivated and _ reseeded 

only (K) ‘ 0°509 | 0°024 o'o12 0°900 | 0°035 0022 
Natural herbage limed and 

manured (I) i 1°269 §0°097 0°049 I'519 | 0'136 0'056 
Cultivated and reseeded 

with lime and manures 

(seed-mixture not includ- | 

ing wild white clover) (G) | 1°819 | 0°133 | 0°067 1800 | 0°156 0°070 
Cultivated and_ reseeded | 

with lime and manures | 

(seed-mixture including 

wild white clover) (B) . | 2°162 o-161 0076 2°163 07162 0079 





Table 3 shows that (1) has had a greater effect on the yield of minerals, 
peasant that of lime, than on the yield of protein, or of dry matter 
as shown in Table 2. In the Molinia area (B) has effected percentage 
increases of 70 in protein, 66 in lime, and 41 in phosphate, compared 
with (I). On the fescue area (B) gave percentage increases of 42 in pro- 
tein, 27 in lime, and 43 in phosphate over (I). The relatively small 
increase in lime on the fescue area is probably due to the greater leaching 
from this shallow soil, but on the other hand it is possible that on the 
fescue area of (I) the herbage was of a kind which could make better use 
of the lime than could the herbage on the (I) Molinia plot. 

The high level of nutrients contributed by (1) is not to be attributed 
entirely to an improvement in the natural herbage itself. Owing to the 
proximity of these natural-herbage plots to the seeded plots, wild white 
clover volunteered into them, whilst traces of cocksfoot also found their 
way in (vide the botanical section of this article), and made an important 
contribution towards the productivity of these uncultivated and unseeded 
plots. ‘These data show that the beneficial effects of the ley are not of 
necessity restricted to the immediate area which has been cultivated and 
reseeded, but, on the contrary, that they may spread to adjacent areas 
which have not been cultivated but have been provided with the essential 
nutrients for the nourishment of the better species that have migrated 
from the sown area. 

In Table 4 the yield of nutrients obtained with basic slag alone on the 
sown areas is compared with yields as a result of applying limestone as 
well as slag. From this table it is seen that the increase in dry matter 
resulting from the 20 cwt. limestone applied in 1931 has been some- 
what greater on the Molinia than on the fescue soil, which is to be 
expected from the higher acidity of the Molinia soil. 
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TABLE 4. Mean Annual Yield of Nutrients from Molinia and Fescue Area 
with and without Limestone, 1932-43 (cwt. per acre) 





cwt. limestone in 


| | Basic slag plus Io 
| | Basic slag plus 1931 plus 20 cwt. 


Basic slag only | 20cwt.limestone _ limestone in 1934 
(P) | in 1931 (C) (By 
Molinia | Fescue | Molinia| Fescue Molinia | Fescue 
Dry matter . ‘ « | OF 12°0 12°8 12°7 16°4 17°6 
Protein : . . I°125 I°419 1°731 I°531 2°162 2°163 
Lime (CaO) ‘ : 0069 0067 O'l19g O'll4 o-161 o'162 
Phosphate (P,O;) .- 3 0°045 0°056 0°063 0°057 0076 0079 





Table 4 shows that the two applications of limestone (B) have been 
much more effective than the single application (C). The application of 
limestone has enhanced not only the yield of dry matter, protein, and 
lime, but also that of phosphate. There is, therefore, reason to believe 
that the limestone played a significant part in increasing the availability 
of the soil phosphate on both the Molinia and fescue areas. It is evident 
that on such acidic upland soils the nutrients contributed by the sown 
species may be enhanced not only where the seed-bed is provided with 
both limestone and slag, but also where another dressing of limestone 
is given a few years after the first application. 


Botanical Composition 


The changes in the herbage which occurred under the several treat- 
ments in the fescue and Molinia areas up to the year 1938 inclusive, 
have been previously reported upon [2, 3]. The new data, comprising the 
years 1939-43, are presented in Table 5, (p. 190) where it has been deemed 
necessary to give only one intervening year, 1941, and not every year. 

Perennial ryegrass, cocksfoot, and wild white clover had formed the 
mixture in 1931, but by 1939 only the latter two remained. Most cocks- 
foot remained in those treatments which had received phosphate and 
ground limestone, and it had persisted better in the fescue than in the 
Molinia area, but its contributions to the herbage decreased over the 
period in both areas. A trace of cocksfoot had come into several plots 
where none had been sown, and in certain manured plots it had increased 
from 5 to 10 per cent. of the herbage; it remained a trace, however, 
where no limestone had been applied. The cocksfoot was a pedigree 
indigenous strain (S. 26) and was thus able to tiller out under suitable 
conditions. Among those plots where different rates of limestone had 
been given, the heaviest limestone dressings gave the highest yields of 
cocksfoot. 

From 1939 to 1943 wild white clover formed part of the herbage under 
every treatment except (T). Where cultivating and reseeding had been 
done but no manures given (K), only traces of wild white clover existed 
in the fescue area, but it contributed substantially to the keep in the 
Molinia area up to 1941. On the other hand, where the factor of seeding 
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alone had been omitted, as in one of the treatments not shown in Table 5, 
clover was contributing in 1943 in both areas. One of the most signifi- 
cant findings is that the clover made some of its greatest contributions 
in those treatments where there had been no cultivating or seeding, but 
which had received limestone in addition to slag and nitro-chalk, as in 
(1). ‘The addition of soil from a clover field to this type of treatment, and 
also to others where the cultivating and seeding had been carried out in 
addition to limestone and manures, did not result in an increase of clover, 
as has been mentioned in a previous report [2]. The amounts of wild 
white clover in treatment (P)—slag only—were less than in (C) and in 
(B) where 20 cwt. and 30 cwt., respectively, of limestone had been given. 
The difference is chiefly observed in the fescue area. It is noticeable that 
in relation to the other species, the amount of clover is greatest in the 
middle of the 5-year period. It would appear that conditions were more 
favourable to the growth of the grasses and miscellaneous herbs from 
1941 to 1943. Throughout the plots of both areas, however, the pro- 
nounced capacity of wild white clover to increase when it has gained an 
entry into suitable fertile conditions, such as treatments (I) and (G) 
where no clover had been sown, is emphasized. 

Birdsfoot trefoil had come voluntarily into every treatment in the 
fescue area, and also into the Molinia area, with few exceptions. The 
complete absence of manures in (T) and (K) gave mere traces of this 
species, although cultivation had taken place in (K). It is noticeable that 
birdsfoot trefoil has resembled cocksfoot and wild white clover in 
contributing most where limestone has been applied as well as basic 
slag. In certain of these treatments it amounted to 10 per cent. of the 
herbage in some years, and even 15 per cent. in a certain treatment not 
included in Table 5. Limestone as well as phosphate did not raise the 
quantities above a trace in the natural herbage as in (I), but, on the other 
hand, the absence of limestone with cultivation, reseeding, and slag as 
in (P) also resulted only in traces. 

In the spring of 1944 further dressings of ground limestone and 
fertilizers were given to the plots of both areas, and the growth through- 
out that season indicated that the cocksfoot, wild white clover, and the 
volunteer birdsfoot trefoil made a greater response to the treatments 
than the native herbage. It will be interesting to observe if this effect 
persists in the fresh period begun then (in 1944). 

As the sown species decreased in yield over the period 1939-43, so 
the native herbage again became dominant in the plots. In the fescue 
area, fine-leaved fescue (Festuca ovina) and bent (Agrostis spp.) were the 
chief grasses which re-entered and then increased; in the Molinia area, 
although the original sward was dominated by Molinia caerulea and 
Nardus stricta, there being very little fescue and bent, it was again these 
latter species which formed swards as the sown species decreased because 
compared with Molinia they could better withstand periodical defolia- 
tion. A certain amount of Molinia did return in the plots of that area, 
however, and still larger amounts of Nardus, and these are included in 
the amounts for ‘other grasses’ in the Table. This behaviour of hill 
grasses has been repeatedly observed, and data from another experiment 





DRQASRESAA eo ee ee ee ie ee 





"90833 = °3} 
*dnoi933nq pur ‘Astep UOWUOD ‘[RaYy Jjas 
‘paaMyoIys 1vd-asnour ‘snorqvos 31q S [IAop ‘urezuryd yromari ‘Asued urejunoui “dds xaavy ‘ysnapoomM pray ‘Mvijyspaq Yjeay ‘[WUIUIIO} = sqiay 19yIGQ 
‘DJI1AJS SNPADANT puv ‘pajndavd viuljoyy ‘Boj aITYSyIO X ‘[BUIOA J9aMS ‘sseIsd yieay sosseis IIYIO 





"nit jenn 3 d ‘12 BIUT[OTT (9) 
I 1e 1% ; ; I anosa.J auojJsoUT] JO UOTIIPpe YIM ynq (q) SY 
11 § RIUI[OJT 
anosa,yq (q) Ajuo 3ejs sn{d papaas pur payean[ng 


RIUT[OJY (q) e4ngxrur ayy 
anosa,f UT JOAO[D Jo UOTIPpe YW yng (HD) sy 


(9) a1eq9 
RIUI]OJ -O1N1U pue ‘Seis ‘oun, snd sasseid 
anosa,J YUM Al[UO papsasar puR pazeAn[Ng 


BrurfoTN, (1) 4yeyo-ogtu 
9ndsof pue ‘Brys ‘Qull] snj{d aseqioy yeangeny 


PIUTOT 
anodsa,J (4) A[UO papsaasar puke payeaning 


; [ | erulloyy 
re 1|\¢ q ; q “51 *s§) °°)? ee oe ee anosa, qUNUvII} OU ‘aBeqsoY JeInje 
Y A aL qty | I 


fb | rb | 6€ Ib 6€ & at b Of EF Ib OF EF Ib 6b | EF It of \Er6r P61 6€61 vIAP JUAULIDAIA T, 


Z 
Se 
= 
= 
= 
= 
es) 
= 
a 
Z 
< 
YN 
= 
> 
< 
A 
3S 
x 


Ssq4ay | Aayyvazy | Sassvasd juag anosaf p10 faa} 49209 100fs4I20/) 
42y1OQ AdYIO panva] joofspaigT aq1yan 
enc! PUM 





‘EFOr pup ‘1t6I 
‘6£61 sof synsay ‘potsag svak-£ v 4220 svax sad sind omy, s0f 01-0 fo avrg v uo syavpy ApauIMporg asvs0p 
‘SDAA DIUYOPY PUY anIsay ay] UL SqUaUJDAL], UDA Aapun advgasazy ayy fo uorpisoduoy ponuvjog “S$ ATV, 








GRASSES AND CLOVERS ON ACIDIC UPLAND SOILS IQI 


at this centre, in which these grasses were gradually replaced by cultivated 
grasses and wild white clover, have been reported upon elsewhere [4]. 
With regard to the relative amounts of fescue and bent it is noteworthy 
that in the present experiment fescue has increased to a greater degree 
than bent, whereas in the other experiment, where soil fertility was 
increased by annual dressings of fertilizers, the bent became dominant 
over the fescue. In the present plots the absence of the grazing animal 
chiefly accounted for the change in botanical composition, particularly 
in treatments (G) and (B). 

One of the most prominent changes in those treatments where there 
was least cocksfoot and wild white clover was the marked increase of 
heather during this 5-year period, 1939-43. It occurred mainly in the 
Molinia area, but also to some extent in the fescue area, particularly 
where no manures had been given. The heather increased. rapidly from 
1939 onwards. Numerous miscellaneous species formed in the aggregate 
an increasing amount in most plots. In many instances their yields 
decreased from 1939, and the increase of heather together with the 
fescue and bent would account for this fact. Most of these herbs were 
hill species. ‘The mountain pansy, together with tormentil, heath bed- 
straw, and field woodrush were particularly noticeable in the fescue area, 
but they did not appear to be encouraged by any particular treatments, 
with the possible exception of pansy, which was more abundant in the 
manured plots. ‘Two lowland species, common daisy and buttercup, 
were evidently introduced by the soil from a clover field, and in certain 
years formed as much as 10 per cent. of the keep on those plots to which 
soil had been added, particularly on the Molinia area. 


Summary and Conclusions 


The yield of nutrients from variously treated experimental herbage 
plots on exposed Molinia and fescue areas over a period of twelve years 
is discussed. ‘The highest yields were obtained through liming, manur- 
ing, cultivating, and the sowing of grass and clover seeds. ‘The yield 
data clearly bring out the outstanding part played by wild white anne 
under the climatic conditions prevailing in Mid-Wales. A much higher 
yield than that produced by the untreated native sward was obtained by 
the surface application only of limestone and fertilizer. ‘This was partly 
due to the volunteer establishment of wild white clover and cocksfoot 
which migrated from the adjacent seeded plots. It is thus shown that 
the beneficial effect of reseeding on the hills may spread to adjacent areas 
that have not been cultivated but have been adequately limed and 
fertilized for the nourishment of the better species. 

A comparison of the seeded plots receiving basic slag alone with those 
receiving basic slag and limestone shows that the limestone has enhanced 
the yield of dry matter, protein, lime, and phosphate. Over a period of 
twelve years 30 cwt. of limestone gave an increase of 81 per cent. dry 
matter over the slag plots in the Molinia area, and an increase of 46 
per cent. dry matter over the slag plots in the fescue area. The optimum 
results with limestone were obtained where part was applied in the 
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seed-bed along with the basic slag, followed by a further dressing a few 
years after the establishment of the ley. 

Of the three species in the seeds-mixture, perennial ryegrass, cocks- 
foot, and wild white clover, only a small proportion of the last two com- 
ponents remained in the experimental plots up to the twelfth harvest 
year. The largest amount of cocksfoot remained in the plots that had 
received limestone as well as basic slag, the heaviest limestone dressing 
giving the greatest yield of cocksfoot. The ryegrass had disappeared by 
the eighth year of the trial. 

Birdsfoot trefoil came voluntarily into practically every experimental 
plot and contributed most to the cultivated areas where both limestone 
and basic slag had been applied. 

As the sown species decreased, the native herbage, chiefly sheep’s 
fescue and bent (Agrostis spp.), again became dominant in the plots. 
One of the most prominent changes during the last 5-year period was 
a marked increase of heather in those plots where there was least cocks- 
foot and wild white clover, but fresh applications of limestone and 
fertilizers in the spring of 1944 have resulted in more response from the 
cocksfoot and legumes than from these native species. 

Reviewing the data as a whole, it is evident that the use of various 
combinations in cultivating, liming, manuring, and seeding on periodi- 
cally cut herbage has created conditions in which the ecological succes- 
sion has been affected. During this later period of the trial, 8 to 13 years 
from the date of sowing, the chief botanical change has been the degree to 
which fine-leaved sheep’s fescue, bent, heather and, to a lesser extent, mis- 
cellaneous herbs have become dominant in the swards. These data have 
been different for the two areas under review, the moister conditions of 
the Molinia soil resulting in larger proportions of heather to fescue and 
bent than on the drier fescue soil, and also in a return to some extent of 
the original Molinia and Nardus. 
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THE EFFECT OF MATING TIME UPON 
REPRODUCTION IN FOXES 


C. K. GUNN 


(Superintendent, Dominion Experimental Fox Ranch, Summerside, 
Prince Edward Island, Canada) 


WITH PLATE 6 


IN the fox-ranching industry high reproduction from the breeding-stock 
is of great economic importance ar is very essential to successful fox- 
ranching procedure. ‘The mating season of the fox occurs during the 
months Ai January to March in the northern hemisphere, and, since the 
fox is monoestrus it is important to be able to recognize the approach of 
oestrum in order that mating may take place. ‘This is particularly the 
case where the foxes are not run in pairs but polygamous mating is 
practised. In other species of mato the particular time at which 
mating takes place during the period of oestrum has been found to 
affect reproduction, and consequently experimental studies were begun 
with foxes to determine whether or not the size of litters or the number 
of vixens becoming pregnant was affected by early or late mating during 
oestrum. 

Literature dealing with the mating of foxes is very limited. Present 
information upon this subject is chiefly based upon the opinions of fox 
ranchers. Some of these conflict and would require to be subjected to 
critical experimental procedure before they could be evaluated. Some 
experimental data are, however, available. Bassett, Wilkie, and Pearson 
[1]. concluded that second-day matings were most successful, but 
examination of their data shows that the groups of vixens mated on the 
first and third days of oestrum were rather too small to justify any 
general conclusion regarding mating results at these particular phases 
of the oestrus period. 

The experimental work on the investigation reported herein was 
carried out at the Dominion Experimental Fox Ranch, at Summerside, 
P.E.I., during the mating seasons of 1939-44, and comprises data from 
a study of the mating of 274 vixens. ‘The data were analysed by two 
different methods for the detection of oestrum in the vixen, namely, the 
vaginal-smear test, and trial tests with male foxes. 

In this investigation an effort was made to eliminate any factors, other 
than time of mating, which might have an effect upon reproduction. 
Difference in fecundity was not a factor in the experimental findings as 
the work was carried out with non-selected groups of animals. ‘The 
housing conditions and general health of the animals were uniform. 

The possible effect of difference in age in the vixens was checked to 
determine whether or not it had an influence upon litter-size. ‘The data 
comparing the variation in litter-size of the same vixens in different 
years of their breeding life are shown in Table 1. Statistical analysis 
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shows no significant variation in the size of the litters born to the same 
groups of vixens in different years of their breeding life, covering a 
range of 5 years. 


TABLE 1. Age and Litter-size 





No. of Breeding Total no. 
breeding age in Jo. of of pups per 
Group vixens years litters year 
I 63 Ist-2nd 63 260-259 
2 35 Ist—3rd 35 152-145 
3 21 Ist—4th 21 gi- 81 
4 II Ist—5th II 45— 38 
5 26 3rd—4th 26 III—100 
6 15 4th-sth 15 _ 64- 54 
Differ- | Sum of sq. Signifi- 
Group ences differences t p cance 
I J ma oh a not 
2 - 7 90°6 0°727 0°4-0'°5 not 
3 -10 55°24 1°314 0°2-0°3 not 
4 - 7 10°53 2°06 O'I-0°05 not 
5 -II 64°578 1°284 0'2-0°3 not 
6 -10 45°34 1°04 0°3-0°4 not 





As a check upon the possible effect of inbreeding and outcrossing on 
average litter-size, the results of 132 litters from related parents and 60 
litters from outcrosses were analysed. The data are given in Table 2 
They show that there is no real difference between the average litter- 
sizes drawn from these groups of vixens. 


TABLE 2. Consanguinity and Litter-size 





| Average | Sumof sq. 
Breeding Litters litter-size deviations 
(1) Total inbred . ‘ ; 132 4°136 211°480 
(2) Inbred less than 12: “5! ys : 70 4°085 | 122°654 
(3) Inbred more than 12°5% ; 62 4°193 | 99°028 
(4) Outcrosses  . ‘ ‘ - | 69 3°724 162°956 
Signifi- 
Difference between means S? t p cance 
Total inbred (1)-outcross (4) 0412 | 1°881 | 0°637 | 0°6-0'5 not 
Inbred more than 12°5% (3)-outcross (4) 0469 2°0308 1°882  o-1-0'05 not 
Inbred less than 12°5 % (2)-outcross (4) . 0°361  2°0847 0°466  0°7-0°6 not 
Inbred more than 12°5°% (3)—Inbred less 
than 12°5% (2) ‘ ‘ ‘ . o108 | 1°7052 | 0°472 | 0°7-0°6 not 





However, the quantity of sperm ejaculated by the males was found to 
have a significant influence upon litter-size, with the result that vixens 
which gave a smear with few spermatozoa after mating were discarded 
from the experiment (Table 3). 

The external signs of ‘heat’ in the vixen are as follows: (1) Swelling 
of the vulva, which varies considerably in extent and duration in 
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different vixens; oestrum is usually coincident with the beginning of 
recession of such swelling. (2) A mucous discharge from the vaginal 
canal occurs approximately 24 hours before oestrum, but, as a result of 
the anatomical arrangement, in which the urethra opens into the terminal 
portion of the vaginal canal, the mucous discharge is frequently washed 
away by urine and therefore is not a constant finding. (3) A vixen in 
oestrum will usually lift her tail in the presence of a sexually active 
male fox. 


TABLE 3. Sperm-swarm and Litter-size 





Sperm No. of No. of Average 
smear VIXENS pups litter S? t p 
Copious 44 156 3°545 
4°840 3°664 < o°o! 
Few II 9 o'8181 





Procedure.—It is obviously important to determine the exact beginning 
and duration of oestrum in the fox. This was made possible by use of 
the vaginal-smear test in conjunction with trial tests with male animals 
to determine whether or not vixens would accept service. ‘The details of 
procedure were as follows: 

(1) During the mating season vixens were examined every second day 
for swelling of the vulva as an indication of the approach of oestrum. 
Daily vaginal smears were taken from all vixens showing swelling until 
their oestrus period was completed. 

(2) As a further check upon the above method, separate data were 
collected for the same group of 274 vixens in order to determine when 
the vixens were willing to accept service upon trial tests with male foxes 
(Table 5). 

(3) Two or more male foxes were tried with inactive vixens that were 
thought to be in oestrum, in order to avoid errors through lethargy of 
particular male foxes in the polygamous mating system used. 

(4) The mating of vixens early or late in oestrum was done in order 
of sequence throughout the breeding season, so that the effect of periodic 
disturbances in mating activity, which sometimes occur as a result of 
periods of warmer or colder weather, were controlled. 

(5) Vaginal smears were taken from all mated vixens and examined for 
sperm of normal conformation and quantity. Vixens showing an adequate 
test for spermatozoa were then placed in separate pens where they could 
bear their young. 

(6) Vixens which did not have pups were examined to determine 
whether or not they had been pregnant and might have aborted, resorbed 
their foeti, or destroyed their pups. If a vixen did not show mammary 
development, or fur plucked from the mammary region, she was con- 
sidered non-pregnant and it was assumed that she had not conceived. 


Results 


Vaginal-smear method of detecting oestrum.—A group of 274 vixens 
was subdivided into groups mated in proestrum, oestrum (cornified-cell 
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stage), and metoestrum according to the vaginal-smear test [2]. Figs. 1, 
2, and 3, Plate 6, show vaginal smears taken during proestrum, 
oestrum, and beginning of metoestrum in the vixen. The appearance of 
large cornified cells among the cells of the proestrus smear is indicative 
of the beginning of oestrum in foxes. ‘This was found to be the most 
sensitive indicator of early oestrum in vixens under observation [2]. The 
appearance of round clear cells (macrophages) and large numbers of 
other leucocytes served as an accurate indicator of the beginning of the 
metoestrus phase of oestrum and the termination of ‘heat’ in the vixen. 

In order to evaluate more accurately the findings of early as opposed 
to late matings with respect to reproduction, only the vixens bred during 
proestrum and early cornification were considered as early matings, 
whilst those mated during late cornification and metoestrus phases of 
oestrum represent the late-mated group. The data relating to these 
extreme groups show an average production of 3°53 pups for the early- 
mated group and 2-23 pups for the late-mated vixens (‘Table 4). How- 
ever, the average litter-size of pregnant vixens is 4-2 and 4:0 respectively 
for the two groups, thus showing no real difference as a result of time 
of mating. Therefore non-pregnancies account for this difference in 
litter-size between early- and late-mated vixens. These mated but non- 
pregnant vixens were found to represent 15-5 per cent. among early- 
mated vixens and 44:0 per cent. of those mated late in oestrum. 

The vaginal-smear test was found to be the more accurate method for 
classifying foxes into true early- and late-mating groups, because: (1) 
Vixens with oestrus periods of one-day duration, as determined by the 
smear test, were placed in the middle group, which was then omitted 
from the early or late classification, whereas according to the trial test 
method such vixens of one-day oestrus period are placed among first- 
day matings. Such vixens have no second or third days of oestrum, and 
therefore have no counterpart comparable to vixens mated on their first 
day which have a true 3- or 4-day period of oestrum. Hence recommen- 
dations to mate such vixens at any other time than their first day of 
oestrum would be of no value. (2) The smear test often showed the 
presence of oestrum in vixens which otherwise might not have been 
recognized as being in oestrum because they exhibited a strong selective 
mating instinct. In such cases 3 or 4 males frequently had to be tried 
before the vixen would accept service. (3) Where slight or complete 
absence of swelling of the vulva occurred in pup vixens the smear test 
was the only available means of detecting oestrum without going to the 
inconvenience of testing all the pups in the ranch daily with active male 
foxes to determine which were in oestrum. 

Trial test method of detecting oestrum.—The rate of reproduction from the 
same group of 274 vixens was analysed upon the basis of trial tests with 
male foxes, and the data from the matings were recorded in relationship 
to the time the vixens first showed willingness to accept service (‘Table 5). 

The findings according to this method of analysis show that early- 
mated vixens (1st and 2nd days) again give a higher litter-size than 
late-mated vixens (3rd and 4th days). The significant drop in litter- 
size here is between the 2nd and 3rd day matings. 
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Again, the cause of variation in litter-size is not related to a significant 
decrease in average litter-size among those vixens which had pups, but 
is shown to result from the difference in number of non-pregnant vixens 
in the early- and late-mated groups of experimental animals. The per- 
centage of misses is significantly greater among the late-mated vixens. 


TABLE 6. Production from a Group of the same Vixens mated 
early and late in Oestrum in Different Breeding Seasons 





No. of Time of Average Per cent. Average vixen 
vixe ns mating production misses litter-size 
Mated early 4°0 2°7 4°6 
35 ae —— ‘ = 
Mated late a3 53°8 4° . 


lle 





Confirmation of the above finding is shown in a controlled check from 
the production data of 35 vixens in which each vixen was mated early 
or late in oestrum in different seasons (Table 6), in which non-pregnant 
matings are 12°7 per cent. among early matings and 53:8 per cent. for 
these same vixens when mated late in oestrum. 


Summary 


(1) Mating data from the same group of 274 vixens, analysed by two 
different methods, show that mating of vixens in the early period of 
oestrum gives rise to greater production (i.e. average litter-size of all 
mated vixens) than if they are mated late in oestrum. 

(2) No significant difference in average litter-size was found between 
early- and late-mated groups of vixens that proved to be pregnant. 

(3) Statistical analyses show no significant difference between the 
average litter-size of 132 vixens mated during their 1st day of oestrum 
and 80 mated in the 2nd day of oestrum. Similarly, using the vaginal- 
smear test, no real difference was found between the average litter-size 
of the early group of 43 vixens mated during proestrum and 73 vixens 
mated during the early cornified-cell stage. 

(4) A significant increase in the number of misses (non-pregnancies 
after mating) occurs in 3rd- and 4th-day matings compared with 
matings on the rst and 2nd days of oestrum. The data, analysed upon a 
basis of the vaginal-smear test, confirm these results. 

(5) The oestrus period in the fox was found to vary in duration by 
both test methods from 1 to 4 days, with exceptional cases extending to 
5 or 6 days. 
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A NEW INSTRUMENT FOR MEASURING ANIMALS: 
STANDARDIZATION OF MEASUREMENTS OF CATTLE 
T. M. OLBRYCHT 
(Royal (Dick) Veterinary College, Edinburgh) 

WITH PLATES 7, 8 


THE accuracy of the measurement of animals depends largely upon the 
precision of the instruments used for this purpose. A zoometrical 
standard with side arms not firmly fixed may cause errors in measure- 
ments amounting to several inches. The instrument for measuring 
should be not too heavy—an important point when large numbers of 
animals have to be measured—it should be easy to handle and able to 
gauge the real distance between two points of the body. 

Being dissatisfied with the instruments available, I designed a metal 
rule, which was tried out during several years on a large number of 
cattle, horse, and small animals (pigs and sheep) by myself, my pupils, 
and other research workers on the Continent. 

This zoometrical rule is so constructed that it can be used for measur- 
ing both large and small animals. With this instrument almost all body 
measurements can be taken, with the exception of girth measurements 
and angles of the joints. 

The main rod of the measuring rule consists of two parts, an outer 
(Fig. 1, 11, A) and an inner (Fig. 1, iii, B), which slides telescopically 
into the outer part and can be drawn out when required. When closed 
the rod measures 110 cm. (42 in.), when fully extended 200 cm. (78 in.). 
When measuring heights of large animals (Fig. 2, Plate 7) the side arm II 
(Fig. 1, ii, C) is left screwed inside the extending rod and only the side 
arm I (Fig. 1, iii, E) is fixed to the headscrew. 

The slider (Fig. 1, iii, F) is used to attach the side arm II. The outer 
part of the main rod has three scales, i.e. the scale on the off side of the 
outer rod (Fig. 1, iii, G) for measuring distances between two points of the 
body longer than 1 m. (39 in.), e.g. length of the body of large animals 
(Fig. 3, Plate 7). In the middle is a second scale (Fig. 1, iii, H) to 
measure the heights of animals smaller than 1 m.; on the near side is a 
third scale (Fig. 1, J) for measuring the distances between two points of 
the body shorter than 1 m., as is shown in Figs. 4 and 5. On the slider 
are three dashes, each for its respective scale, the first marked ‘Length’, 
the second ‘Height’, and the third ‘Width’. 

Wobbling of the side arms, a common defect of previous measuring 
instruments, is avoided by the introduction of lightly tapered screws 
with very fine threads. 

For ease of transport, when the measurements have been completed, 
the extending rod is pushed inside the outer main rod, and the side arms 
are screwed one to another and to the headscrew and placed inside the 
main rod (Fig. 1, ii); after the headscrew is fixed the instrument can 
be placed in a leather case. The folded instrument can be easily carried 
in the case by means of a strap, as shown in Fig. 1, i. 
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, headscrew; E, side arm I; F, slider; 
; J, scale for widths; K, pinching screw; 


> &, side arm Il; D 


; H, scale for small hei 


G, scale for length 
L, scale for heights greater than 110 cm. 
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A very important feature of the zoometrical rule is that the side arms 
can be placed in any position vertical to the axis of the main rod, and in 
this way one can measure the real distance between two points, and not 
the diagonal, as is the case if both side arms can be moved only on the 
same plane. Very often two points of the body are not on the same level, 
and in order to measure the shortest straight line between them, the 
side arms must be turned in different directions, e.g. when measuring 
the length of the body from the shoulder point to the sciatic tuber 
(Fig. 3, Plate 7). If the side arms are not movable along the axis of the 
main rod this measurement is not done correctly, being taken on the 
diagonal line and therefore increasing the length by several inches. 

The zoometrical rule was manufactured on my own design in this 
country by Messrs. Melville & Hunter, Edinburgh. The scales can be 
metric, or marked in inches. 


The body measurements of animals are taken by different workers in 
various ways, and therefore it is difficult to compare the zoometrical 
descriptions of animal breeds made by different authors. I would like 
to make an attempt to standardize the method of making each measure- 
ment, and am giving a list of body measurements of cattle taken in the 
order which is most convenient, speedy, and least disturbing to the 
animal. 


Name of measurement Method of measuring 

1. Height at withers From the peak of withers measured vertical to the 
ground. 

2. Height at back Lowest point of the back measured vertical to the 
ground. 

3. Height at point of hip . The vertical distance from the point midway 
between hips to the ground. 

4. Height at hindquarters From point of croup vertical to the ground. 

5. Height at base of tail From the highest point of attachment of the tail 
vertical to the ground. 

6. Height at point of buttock From highest point of sciatic tuber to the ground. 

7. Length of body The horizontal distance in a line parallel to the 


longitudinal axis of the body (to the vertebral 
column) from the extreme anterior point of the 
tuberosity of the humerus to the extreme posterior 
point of the sciatic tuber (Fig. 3). 


8. Length of chest From point of shoulder to the last rib. 

9. Width of forequarters at _ Horizontal distance between points of shoulders. 

shoulders 

10. Depth of chest Shortest vertical outside measurement of chest 
behind the elbow. 

11. Width of chest Horizontal distance just behind shoulders (Fig. 4). 

12. Length of loin Distance from the last thoracic vertebrae to midway 
between point of hips. 

13. Length of hindquarters The distance from the extreme posterior point of 
the sciatic tuber to the extreme anterior point of 
hip. 

14. Length of ischium From posterior point of sciatic tuber to hip joint. 

3988-52 P 
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Name of measurement Method of measuring 

15. Width at point of hip Distance between the extreme lateral parts of the 
points of hips (Fig. 5). 

16. Width at thurls Distance between hip joints. 

17. Width at ischia From the extreme lateral part of the sciatic tuber on 
one side to the corresponding point on the other. 

18. Length of neck From poll to point of shoulder. 

Measurements made with zoometrical rule or callipers 

19. Width of loin Distance between lateral edges of the loin measured 
midway between the third and fourth lumbar 
vertebrae. 

20. Length of head From poll to the tip of the upper jaw. 

21. Length of forehead From poll to the line between inner angle of the eyes. 

22. Width between base of 

horns 
23. Narrowest width of Midway between eyes and poll. 
forehead 

24. Width at eyes The greatest width of the head at the extreme 
lateral points just above the eyes. 

25. Depth of head From forehead to the angle of the mandible. 

Measurements taken with tape 

26. Length of horns Mean of both horns measured on convex side. 

27. Girth of horns Taken at the base of horns. 

28. Girth of chest The smallest circumference just behind shoulders, 
perpendicular to the long axis of the body. 

29. Height at elbow The vertical distance from the highest point of the 
elbow to the ground. 

30. Height at sternum Vertical distance from the highest point of the 


breast-bone behind the elbow to the ground. 

31. Circumference of foreleg Smallest circumference of metacarpus. 

32. Length of tail Posterior aspect of tail from the base to the tip (not 
including brush). 


Measurements taken with small callipers 
33- Thickness of skin fold The double layer of skin over last rib in the flank. 


Other measurements which can be found in some publications have 
been omitted because they are not sufficiently accurate or are un- 
important in cattle; they are: 

Length of head to muzzle—the muzzle being very movable, is difficult 

to use as a fixed point. 

Width of cheeks and height at carpus—these are of little importance 
in cattle. 

Depth and width of chest, taken at the tenth rib; width of chest at 
last rib; depth and width of paunch taken at last rib; and circum- 
ference of rear chest and of paunch—all these measurements are 
inaccurate and show large variations. 


(Received Fuly 9, 1945) 
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Fic. 2. Measuring the height of a horse's withers. 
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Fic. 5. Measuring the width at point of hip. 
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THE EFFECT OF WETTING AND DRYING ON 
POTASH-FIXATION IN SOILS 
THOMAS WALSH and STEPHEN J. CUOLLINAN 
(University College, Dublin) 

WITH PLATE 9 


It is well known that when soluble potash salts are applied to some soils 
only a portion of the added potash is readily available to plants, a 
considerable part being transferred into a difficult or unavailable form. 
The term ‘potash-fixation’ has been generally used to describe this 
effect. Investigations have been made of the factors responsible for this 
immobilization of potash, but no entirely satisfactory explanation has 
been forthcoming. In general, it is known that the inorganic colloidal 
material of the soil is the main seat of fixation, and that it can be con- 
siderably influenced by alternate wetting and drying. ‘The literature has 
been reviewed by Walsh [1], and more recently De Turk et al. [2] have 
considered various aspects of the problem. 

It has been observed that certain Irish soils possess this characteristic 
of fixation to an appreciable extent. In a preliminary study, Walsh [3] 
showed that ‘on storing three soils under dry conditions for a year, in 
one instance the potash required for maximum growth according to 
Mitscherlich’s technique [4] decreased from 92-3 per cent. in the fresh 
to 55:0 per cent. in the dried sample. No fixation took place in the 
other two samples. The soil showing fixation was a calcareous cla 
loam and the other two were strongly acid medium loams. Walsh 
and Clarke [5] later showed that some orchard soils growing potash- 
deficient apple-trees had the power to fix considerable amounts of 
applied potassium and that this power was much accentuated by alter- 
nate wetting and drying. The soils showing this characteristic to the 
greatest degree were of limestone origin and of medium-loam to clay- 
loam texture. A relatively high amount of the clay fraction was water- 
dispersible, the clay being of a comparatively siliceous nature. ‘The 
latter appears to be a feature of many soils derived from limestone [6]. 
Potash-deficiency is often observed in crops growing in limestone areas, 
particularly in dry seasons. 

Experimental methods.—The aspect of fixation to which we have paid 
most attention was the effect of alternate wetting and drying of the soil. 
To assess the extent of potash-fixation most workers appear to have 
relied on the ability of certain chemical extractants to distinguish 
between the different forms of soil potassium. This procedure was to 
some extent followed in the present work. A measure of the effect of 
fixation as reflected in the growth and the potassium status of plants was 
also taken. This involved the setting up dpe experiments, all of which 
were conducted in the open. A number of soils were used. 

Soils studied —Some characteristics of the soils used in these experi- 
ments are presented in Table 1. Potash-fixing power was determined 
according to the procedure described elsewhere [5], and the available 
‘potash status’ was determined by Morgan’s [7] method. 
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TABLE 1. Some Features of Soils used in the Experiments 





Potash- 

Soil fixing 
No. Texture pH CaCO, Potash status power 

I Clay loam 79 03 Extremely low High 

2 Medium clay-loam 6°8 fone) = = Moderate 

3. | Medium loam 75 54 «| i es = 

4 | - ~ 51 oo Medium high Nil 

5 | a . 7°6 7°5 | Extremely low High 





The potash-fixing power of these soils, particularly of Nos. 1 and 5, 
was considerably increased by five alternate wettings and dryings, 
carried out at laboratory temperature. 


First Series of Pot Experiments 


Soil No. 1 after being passed through a }-in. sieve was treated with 
potassium sulphate and alternately dried and wetted as indicated in 
Table 2. Subsequently, nutrients other than potassium and calcium 
were added, Mitscherlich’s technique being used [4]. Drying was done 
in a kiln, using a Dennison hot-air drier at 45° C. approx., the thermo- 
meter being placed in the soil. After each drying the soil was thoroughly 
moistened with rain-water. Standard Mitscherlich pots were used, each 
holding 6 kg. of soil. Duplicate pots were sown for each treatment. 

lustard was grown as an indicator crop, 20 germinated plants being 
left in each pot. In the early-growth stages the moisture status of the 
soil was maintained daily at a satisfactory level, the drainage water being 
returned to the soil at frequent intervals. ‘The crop was harvested in the 
flowering stage and dried in the oven at 100—105° C. 

A few days after harvesting the first crop, a second lot of mustard was 
sown, each pot receiving half the standard Mitscherlich dressing of 
phosphates, nitrogen, sodium, and magnesium. Subsequent treatment 
was similar to that of the first crop. 

Observations on crop growth—From an early date inter-treatment 
differences were very obvious. A fortnight after sowing, the ‘no-drying’ 
plants were in every instance considerably better than the corresponding 
plants in the soil subjected to different drying treatments. As between 
different potash additions in the ‘no-drying’ series, best growth resulted 
at the highest level, but this was not so good as in another experiment 
when twice the amount had been added to the same soil. In the early 
stages the growth-retarding effect of drying was very marked. ‘Thus 
after 6 weeks had elapsed, the plants growing in the ‘280 p.p.m.—5 
dryings’ set were no better than those in the ‘no K,O—no drying’ set. 
The position at this stage is well shown in Plate 9, Figs. 1-4. ‘Towards 
the end of the first cropping period a very considerable recovery was 
noticed in the ‘5-drying’ treatments, these eventually being next in 
growth vigour, as a series, to the ‘no-drying’ plants. It must be 
emphasized that even where no drying had taken place and 280 p.p.m. 
of potash was applied, the plants showed some potash-deficiency as 
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manifested in crinkling, yellowing, and marginal scorch. ‘These 
symptoms were much accentuated in the plants maintained at the lower 
levels of potassic manuring and where drying treatment had been 
carried out. 

Plant reaction in the second crop was to a considerable extent re- 
versed. The ‘5-drying’ and ‘3-drying’ series did best, the plants in 
the former, even at the lower potash dressings, being very vigorous and 
free from potash-deficiency symptoms. The growth-response in this 
experiment can be better appreciated on examining Figs. 5-8, Plate 9. 
On comparing these with Figs. 1-4, the difference in the behaviour of 
the first and second crops is easily seen. The records of the weight of 
crop harvested in each experiment also show this effect clearly. ‘This 
information, together with data for the potash extracted from the soil by 
the plants under the different conditions of treatment, is presented in 
Table 2. 

After ‘ashing’ at a low temperature, potassium was determined by the 
cobaltinitrite method. As duplicates responded in a relatively similar 
manner, both as regards weight of crop and potash-content, average 
figures for each treatment are given. 


TABLE 2. Yield and Potash-content of Mustard grown in Soil No. 1 
in relation to Potash Manuring and alternate Wetting and Drying 





Treatment Wt. of crop (gm. per pot) K.O (gm. per pot) extracted 
K,O added 
p.p.m. No. of 
of soil | dryings| Ist crop | 2nd crop Total Ist crop | 2nd crop Total 


° ° 3°38 3°93 rhe 0°024 o'021 0°045 
56 ° 8°14 5°63 13°77 0064 0°039 0°103 
140 ° 13°20 6°83 20°03 0°090 oO'04I O'13I 
280 ° 26°10 10°63 36°76 0158 0072 0°230 
° I 5°78 4°52 10°30 0'039 | 0'032 0061 
56 I 10°17 6°43 16-60 0°077 0°040 O'll7 
140 I 13°05 6-90 19°95 | 0°093 0-041 O31 
280 I 15°00 9°60 24°60 | o-124 0068 o-192 
° 3 2°91 12°49 15°40 0°025 0°079 o°'104 
56 3 5°03 13°67 18-70 0°034 0078 O'ri2 
140 3 11°30 10°68 21°98 0°093 0076 0169 
280 3 15°20 16°68 31°84 O°107 O'145 0252 
° 5 7°14 16°98 24°12 0053 0°123 0176 
56 5 II‘tl 20°44 31°55 0:086 0°144 0'230 
140 5 12°86 25°34 38°20 o'l19 0°154 0°273 
280 5 17°27 22°98 40°26 0°127 0°207 0°334 





The data in Table 2 show that whereas drying the first crop always 
depressed the crop yield and the quantity of potash removed, the 
opposite effect held for the second crop. On the whole, taking both 
crops into consideration, drying resulted in an appreciable liberation of 
potash, particularly in the ‘5-drying’ treatment. In the latter also the 
release from the relatively unavailable form, into which drying had 
apparently temporarily transferred the potash added, was quicker than 
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for the other drying treatments. This release of potash is particularly 
well shown by comparing the ‘no-drying’ and ‘5-drying’ treatments at 
the ‘no-added’ potash level of manuring. Taking the amount of potash 
removed by the crop at the latter level for each drying treatment as a 
standard, there has been a considerable immobilization of potash as 
reflected in the composition of the first and second crops. Thus the 
56 p.p.m., 140 p.p.m., and 280 p.p.m. dressings of K,O added 0-16, 
0-42, and 0-84 gm. of K,O to each pot respectively. In no case was this 
amount recovered in the crops, making des allowance for the amount 
present in the roots. 


Second Series of Pot Experiments 


In this experiment the effect of wetting and drying soils 2-5 on 
the availability of potash was tested. With the exception of No. 5 
sample, which was treated at ordinary summer temperature, the drying 
and other treatment was the same as that for No. 1 soil. Each pot of 
No. 4 soil received 1-5 gm. of CaCOs, applied with the other nutrients. 
Duplicate pots were included for each treatment, and only one crop of 
mustard was grown. The potash removed by cropping was not estimated. 

Observations on crop growth.—The only noteworthy points other than 
those expressed in the yield results in Table 3 are as follows: 

Sample No. 2. Slight symptoms of potash deficiency were evident at 
the ‘no-added-potash’ level; symptoms were also seen in the plants of 
the drying treatment in the early stages of growth, but disappeared later. 


TABLE 3. Yield of Mustard obtained from Soils 2—5 in relation to 
Potash Manuring and alternate Wetting and Drying 





Treatments No. of times Yield (gm.) 
K,O added wetted and (oven-dried 


Sample | p.p.m. of soil dried material) 
2 | ° ° | 14°80 
140 ° | 19°25 
140 4 18-80 
280 ° | 18-80 
3 | ° ° 4°05 
| 140 ° 20°65 
140 | 4 28°45 
4 ° ° 14°75 
° | 4 II‘05 
5 56 | ° 18:20 
140 | ° 20°90 
280 | ° 19°05 
56 | I 10°45 
140 I 11°95 
280 | I 12°75 
56 3 9°05 
140 | 3 8:20 
280 | 3 13°60 
6 6| 5 6-65 
140 5 18-20 
280 | 5 Ig'IO 
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Sample No. 3. Potash-deficiency symptoms were very severe where no 
potash was applied, but the plants growing in the ‘dried’ soil were 
outstanding in vigour throughout the season. 

Sample No. 4. As this soil contained a relatively high level of potash 
in an available form no further addition was made. Drying resulted in 
the development of severe potash-deficiency symptoms in the foliage, 
but the undried soil produced normal plants. 

Sample No. 5. The main differences in growth occurred at the lower 
levels of potash manuring. There was a variation in vigour between ‘no’, 
“i, “3, ama ‘s a pon at the 56 p.p.m. level. The ‘no-drying’ plants 
were quite normal, and the ‘5-dryings’ stunted and severely affected by 
potash deficiency. The other two treatments occupied an intermediate 
position, ‘1-drying’ being considerably better than ‘3-drying’ plants. 
At the 140 and 280 p.p.m. levels of manuring the ‘5-drying’ plants were 
more vigorous than the ‘1- and 3-dryings’, and somewhat similar to the 
‘no-drying’ set. 

Table 3 shows that drying did not affect the yield of crop from samples 
2 and 3, but did where samples 4 and 5 were concerned. As reflected 
both in deficiency symptoms and yield, alternate wetting and drying 
considerably immobilized the potash present in sample No. 4. For No. 
5 sample the effect of drying is especially obvious at the 56 p.p.m. level of 
manuring, but it also holds good for 1 and 3 dryings at the other levels. 
Again, there was no apparent immobilization in the case of ‘5 dryings’ 
at the 140 and 280 p.p.m. rates of potassic manuring. 


Third Series of Pot Experiments 


In conjunction with the first series of experiments, an investigation 
was made into the effect on potash release of adding certain materials to 
the same soil, i.e. No. 1. This showed (data available if required) that 
neither treatment with calcium carbonate, carbon dioxide, or sodium 
chloride had any appreciable effect on potash release as shown by the 
yield and potash-content of a crop of mustard. ‘This experiment was 
repeated (with the exception of the CO, treatment) in field plots on the 
No. 5 soil, and again lime had no obvious effect on potash release. 
Sodium chloride did alleviate potash-deficiency symptoms, but this may 
have been a sodium rather than a potash effect, as shown previously [8]. 


Effect of Wetting and Drying and Potassic Manuring on the Total 
Replaceable Potash-content of some of the Soils studied 


To find out if potash manuring and alternate wetting and drying 
influenced the total replaceable potassium-content of some of the soils 
used in the pot experiments, an estimation of the latter was made using 
a 5 per cent. aqueous solution of sodium sulphate as a displacing agent. 
The following procedure was adopted: 20 gm. of air-dried soil (through 
I mm. sieve) was shaken in contact with 100 c.c. of the sodium sulphate 
solution for 2 hours. After filtration the soil was leached with a 2-5 per 
cent. sodium sulphate solution until in all 500 c.c. of filtrate were 
collected. The amount of potassium displaced was then determined. 











208 THOMAS WALSH AND STEPHEN J. CULLINAN 


The alternate wetting and drying treatment shown in Table 4 was 
carried out at the ordinary temperature of the laboratory. Potassium 
sulphate was used as a source of potash. 


TaBLe 4. Total Replaceable Potash-content of Soils 1, 2, 4, and 5, as 
affected by Potash Manuring and alternate We etting and Drying 











Soil Nos. I | 2 | 4 | e 
, . (K,O added | | | | 
 £} (p.p.m. of soil) ° © | 280 a | 280 o } Oo ° ° | 280 
= Fs Drying (no. of | 
ii ‘3 6 t 


times) ° 6 | 6 


Replaceable K,O (mg. 


| 
\ 
° 6 6 5 | ° 
per 100 gm. of soil) 73°7 | 109°9 | 156°7 | 





| 
| 














143°5 aiee| 213°7 | 161°8 | 96-0 | 196°4 | 54°3 | 83°0 | 103°7 





The data in Table 4 show that wetting and drying did not cause a 
transference of potash into a non-replaceable form but increased the 
replaceable potash status of soils 1, 2, and 5. When related to crop- 
response this finding is seen to correspond with the latter as measured 
by total yield. It has, however, been noted that in the initial stage 
potash was rendered unavailable (as reflected in the growth of a first 
crop of mustard on soil No. 1, by alternate wetting and drying) and that 
this was reflected in the readily available potash status of the soil as 
determined by Morgan’s method [7]. It has also been noted previously 
that wetting and drying resulted in the transference of potash into a 
form which was not readily soluble in Morgan’s reagent [7]. These 
results indicate that although alternate wetting causes an initial trans- 
ference of potash from a readily available to a more difficultly available, 
though replaceable, form, this effect is temporary and reversible. 
Incidentally, the data given here indicate that a value for the total 
replaceable potash-content of a soil is not as useful for diagnostic 
purposes where the immediate needs of a crop are concerned, as one for 
readily available potash status. It may be added that when soil No. 1 
was extracted with Morgan’s reagent [7] in a manner similar to the 
sodium sulphate extraction, a total replaceable potash-content of 
25°0 p.p.m. was obtained. ‘The extent to which this difference in the 
extracting power of these sodium salts may be due to some specific 
action of the acetate and sulphate radicles is being investigated. 


Discussion 


Our finding that the potash-fixation apparently caused by alternate 
wetting and drying of the soil is a temporary effect, and the ultimate result 
is a release of potash from the fixed state, is of interest in view of what has 
been recorded by other workers. Volk [g] noticed no such effect, having 
concluded that wetting and drying had an appreciable fixing influence as 
measured by a chemical method, 1.e. extraction with ammonium acetate. 
This worker also held that muscovite or similar potash-containing 
mineral was formed as a result of alternate wetting and drying. For the 
soils reported on here this explanation does not appear to be tenable, 
as no transference to the non-exchangeable form took place, as shown by 
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the sodium sulphate method of extraction. The fact that after an initial 
period of immobilization a considerable amount of potash was released 
(as reflected both in plant-growth and the exchangeable potassium- 
content of the soil), would seem to indicate that the effect of drying is 
not irreversible, as might be concluded from the suggestion of Gorbunov 
[10] ancl from the work of Volk [9]. 

The experience gained in this study is somewhat comparable to that 
of De Turk et al. [2], who also found that fixation was mainly temporary, 
the potash fixed becoming available again after some time. ‘This was 
also the finding of Wrenshall and Marcello [11], who noted that a larger 
proportion of the added potash was present in an available form in the 
soil after three years than after one year. ‘The fact that five alternate 
dryings and wettings had a much greater influence in the early stages on 
potash-fixation, and finally on its release, than three dryings or one 
drying, is noteworthy. As yet, no explanation for this enhancement of 
the effect in both directions is evident. 

Potash-immobilization is apparently most accentuated in soils of 
relatively high calcium status. In the study of orchard soils [5] this was 
especially obvious. Whether this is related to the composition of the clay 
fraction of these soils (in general these have relatively high SiO,/R,O, 
ratios under Irish conditions), or to the high calcium status per se, as 
would seem to be indicated by the work of Volk [g] and others, remains 
for further investigation. That both factors contribute would appear 
to be quite possible. It is a fact, however, that under Irish conditions 
potash deficiency in crops is most commonly met with in limestone- 
derived soils and particularly in those subject to severe drying-out. 

Practical aspects—The study reported here has several practical 
applications. Important: questions for the farmer are: the extent to 
which (a) a dressing of a potassic fertilizer may remain available for 
immediate use in the soil, (6) potash may be introduced to any depth in 
the soil, and (c) the potash immobilized in the initial stage may eventu- 
ally become available. Connected with (c) are such problems as how 
much potash becomes available in the soil from time to time, and the 
ability of different crops to draw on this reserve of the relatively im- 
mobile form. In a previous study [5] it was shown that on a soil of high 
fixing power young apple-trees suffered severely from potash deficiency, 
although fairly heavy surface-dressings of potash had been applied. 
Fixation prevented penetration beyond the first 1-2 in. This was also 
the experience of Wrenshall and Marcello [11] from their studies on 
potash penetration in some Canadian pasture soils. From the present 
study it would seem that in the initial stages after application to certain 
soils sufficient potash is immobilized to allow of very little immediate 
use being made of this nutrient, though eventually it may be substantially 
released. A practical demonstration of this is the fact that crops which 
during a period of drought develop severe symptoms of potash starva- 
tion recover, sometimes completely, during a subsequent wet period. It 
has also been shown that alternate wetting and drying has hastened the 
release of native soil potassium, practically four times as much being 
released after five dryings as where no drying took place ['Table 2]. 
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In applying the information obtained from the pot experiments to 
field conditions, it must be remembered that the soil was adequately 
watered, and that under these conditions the release of the initially 
immobilized potash was not evident until some 6 weeks had elapsed. 
The mustard plants in the drying treatment at the highest level of 

otassic manuring meanwhile suffered severely from potash deficiency. 

his would seem to imply that the reversion of the fixed potassium to the 
available state is not by any means a quick process, and that following 
a succession of natural alternate wettings and dryings, a substantial 
liberation of the potassium thereby fixed in certain soils under field 
conditions might not take place until the soil is kept in a continuously 
moist state for a considerable time. 

The ability of plants to use the more difficultly available form of potash 
in the soil has an obvious bearing on the problem of potash-fixation. 
Although this question has not been investigated here, a few field 
observations have been made. Some instances of severe symptoms of 
potash deficiency have been noted in cereal crops when in the early 
grass-corn stage, where the soil was always recorded as having an 
extremely low potash status and invariably a high potash-fixing power. 
In all such cases the crops eventually recovered, the recovery synchro- 
nizing with the development of the secondary root-system, and finally 
showed a reasonably normal potash-content in the straw. ‘This recovery 
could not be explained by the subsoil having a higher available potash 
status than the surface, the opposite generally being the case. Con- 
sequently, it would seem reasonable to attribute it to ability to utilize the 
less readily available potash in the soil. Grasses seem to behave similarly. 
It remains for future investigation to obtain more concrete data on the 
comparative ability of different crops, and perhaps varieties of the same 
crop, to utilize this tightly held potash. 


Summary 

Potassium was fixed as the result of alternately wetting and drying 
some soils; this fixation was not permanent. It was, however, of sufficient 
magnitude to induce severe potash-deficiency symptoms in a first crop 
of mustard. This was accompanied by an appreciable decrease in yield 
and in potassium uptake. ‘The ultimate effect of the treatment, as 
reflected in the growth and composition of a second crop of mustard, was 
a liberation of potassium from the fixed state. 

Potash-release was not reflected in the amount of readily available 
potassium present in the soil, but was shown by a determination of the 
total exchangeable quantity of this element, using sodium sulphate as a 


. displacing agent. The behaviour of a first crop of mustard corresponded 


to the amount of readily available potassium present, and the behaviour 
of a second crop appeared to be related to the total exchangeable potas- 
sium-content of the soils, as influenced by the treatments applied. 
Observations made under field conditions, together with the experi- 
mental evidence obtained, would seem to show that potassium fixation is 
particularly a characteristic of certain limestone-derived soils. ‘The 
reason for this is being investigated. Although the initial rendering 
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unavailable of added potassium through fixation is undesirable where the 
immediate needs of a crop are concerned, the ultimate effect may be 
good, being conducive to the building up of a reserve of potash in the 
soil. 

Some observations on the ability of plants to use the less readily 
available forms of potash in the soil are recorded. 
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REVIEW OF SOME RANGE-SHEEP BREEDING PROJECTS 
IN CANADA! 


K. RASMUSSEN 
(Dominion Experimental Station, Lethbridge, Alberta) 


Introduction.—When compared with the sheep population of the world 
or of some of the major sheep-producing countries, Canada’s approxi- 
mately 34 million sheep appear unimportant. However, they do hold 
an important though not a major position in the agricultural economy 
of the country. This is especially true in those semi-arid areas of 
western Canada where grass constitutes the only crop that can be pro- 
duced safely. Thus, when considered from the standpoint of adding to 
the national wealth by providing for maximum utilization of land 
resources, the sheep industry plays a significant part. 

During the past 60 years there has been no real increase in the sheep 
population of Canada, but there has been a distinct shift from the east 
to the west, until at the present time the sheep population of the four 
western provinces exceeds that of the five in the east. With this shift 
there has been a dispersion to more numerous breeds as efforts were 
made to introduce breeds suitable to the various conditions of habitat 
throughout the country. European breeds, especially those from the 
British Isles, constitute the bulk of the sheep population, and on the 
whole they have been able to meet the requirements imposed upon 
them. The most notable exception has been that none of the mutton 
breeds could survive, reproduce, and produce satisfactorily on the semi- 
arid range lands of western Canada. 

The sheep introduced originally into the range areas of Canada in 
the 1880’s were relatively small, heavily wrinkled, short-stapled, and 
greasy-woolled Merinos from the neighbouring state of Montana. It 
had been found that these sheep were adapted to the rigorous climate 
and sometimes unfavourable feed conditions encountered in that state, 
which in these respects is quite similar to adjacent areas in Canada. 
However, the early Merinos produced fleeces and carcasses that were 
undesirable, and consequently the early ranchers attempted to improve 
these characteristics by crossing the Merinos with almost every other 
breed available in Canada. These crosses involved such breeds as Lin- 
colns, Cotswolds, Cheviots, Shropshires, Hampshires, Oxfords, and 
Southdowns. No planned breeding-programme was followed and, re- 
gardless of the cross used, the results were undesirable as soon as the 
crossbred females were introduced as part of the breeding flock. ‘They 
lacked survival characteristics, herding instinct, and wool quality. At 
the conclusion of this period, which terminated at about the close of 
World War I, the range-sheep population of western Canada was in 
a sorry state, and some means of permanent improvement through a 
definite breeding-policy was required. 


' Contribution from the Experimental Farm Service, Dominion Department of 
Agriculture, Ottawa, Canada. 
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It was evident that the only suitable breed available at that time was 
the Rambouillet, which possessed inherent characteristics of vigour, 
herding instinct, foraging ability, and wool cover to enable it to survive 
and produce satisfactorily under the conditions that existed. On the 
other hand, it was equally evident that the Rambouillet of that day did 
not have the carcass conformation, staple length, and light shrinking 
fleece that was required for the most ready disposal of its products at 
favourable prices. 

Two avenues of approach were open to a solution of the problem. 
These were to improve the Rambouillet as a breed, or to introduce a 
new breed that would have the desirable characteristics of the Ram- 
bouillet but not its defects. The latter alternative appeared to be the 
better choice at that time and was the objective of work undertaken by 
the Dominion Experimental Station, Lethbridge, Alberta, in 1919. 
This was the beginning of planned range-sheep improvement through 
breeding. Various phases and results of this work constitute the subject- 
matter of this paper. 

Original project.—A preliminary step to the introduction of a new 
breed was a survey of existing breeds. This led to the choice of the 
Corriedale, but, as very few were available in North America at that time, 
Lincoln x Rambouillet crossbred ewes were used as foundation females, 
and these were topped with Corriedale rams. ‘The first cross was made 
in 1919, and imported Corriedale rams were used on the crossbred ewes 
and subsequent progeny in a grading-up programme. This was con- 
tinued until 1933, but by that time it had become evident that the 
Corriedale type was not entirely suitable for the conditions of western 
ranges. Consequently the flock was closed and selected males and 
females within the flock have been inbred in an attempt to establish a 
type deemed to be desirable. To distinguish these sheep from the New 
Zealand Corriedales they have been called Canadian Corriedales. 

As this work progressed with a small number of sheep, compared to 
the sheep sageiladien of the range areas, it was apparent that should 
the new breed prove satisfactory the distribution of improved stock 
would be limited. Therefore it was considered necessary to test the 
Corriedales in crosses on range-ewes, and in 1930 a breeding-project 
for this purpose was undertaken in co-operation with a rancher. All 
the rams required in his flock have been Corriedales supplied by the 
Lethbridge Station, and in this manner the range-flock has been graded 
up to the Canadian Corriedale type and a test of suitability has been 
obtained under conditions typical of good range management. Briefly 
it may be said that the results have been very encouraging. 

More recent projects.—Since the inception of the Corriedale project 
several other projects have been developed at the Lethbridge Station 
and at other institutions in western Canada. At the University of 
Saskatchewan a cross of Ryeland x Rambouillet was made, followed by 
inbreeding of selected crossbreds. Although this cross had several desir- 
able characteristics the project was discontinued because of reproductive 
difficulties in the flock. 

In 1935 a Romney x Rambouillet cross. was made at the Dominion 
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as Range Experiment Station, Manyberries, Alberta, and the crossbred 
> | cage have been selected and inbred to develop another breed type. 
ve | his project was undertaken to test the promising results obtained 1 in 
he | a similar cross developed by a commercial rancher in the 1920’s. Un- 
id | fortunately his project had not been carried far enough to fix a definite 
ag | type before the dispersal of his flock. The new project has progressed 
at favourably and gives promise of satisfactory results. 

The most recent project was an improvement programme in the 
n. Rambouillet breed undertaken in 1938 by the University of Saskat- 
a chewan, the Lethbridge Station, and the Production Service of the 
a Dominion Department of Agriculture. The sheep were located at the 
e 


first two institutions. Later the Dominion eo Station, Swift 
by Current, Saskatchewan, obtained part of the flock from the University 
| of Saskatchewan and is now actively engaged in the project. 


oh 
t- Results 

The three current projects have all given favourable results in develop- 
Ew ing range-sheep that can meet the requirements of the sheep ranchers. 
he It is difficult to define this progress objectively as measurements for 
=, numerous characteristics have not been developed sufficiently to provide 
, for numerical expression and treatment. Furthermore, it has not been 
de possible to maintain a static control group of the Rambouillet breed 
haa as it was when the original project was undertaken. While the Ram- 
nal bouillet remains the basic breed with which other breeds must be 
he compared, it has undergone drastic improvement in Canada and the 
ir United States during the past 25 years. ‘Therefore comparisons can be 
nd made between breeds as they are at present, but they cannot be made 
he objectively between the breeds in their present form and as they were 
vid 25 years ago. Some comparisons of the breeds and crosses at the 

Lethbridge Station will be presented to indicate the present status of 
to development. Reference also will be made to some of the other projects. 
ild Feeding and carcass tests—The most important source of revenue 
ck from sheep in Canada is the sale of meat animals, mainly lambs, so the 
the type and quality of carcass has considerable significance. Most range- 
ect lambs are not sufficiently fat off grass to be fit for slaughter, so they must 
All be placed in feed-lots for finishing. In order to test the various crosses 
the for this purpose feeding trials were conducted in 1937-8 and 1938-9 
led and certain slaughter and carcass data were obtained. Details of this 
~s work were published by Rasmussen and Weir (1940) and only the most 
fly important conclusions will be summarized here. 

The four groups under test were: Romney x Rambouillet crossbreds, 
ect Ryeland x Rambouillet crossbreds, Canadian Corriedales, and typical 
ew range Rambouillet lambs that were used as the control group. Factors 

of considered in evaluating performance in the feed-lot were total feed- 
by consumption, average gains, and feed-consumption per unit of gain. 
SIT = There were substantial differences between results for the two trials, 
ave but the average differences between the four groups were not significant 
: for these factors. 

- The slaughter-test daca showed that satisfactory market lambs could 
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be produced in all four lines of breeding, although the Rambouillet 
lambs, and to a lesser extent the Romney cross lambs, did not finish 
as readily, i.e. at as low weights, as the Corriedale and the Ryeland 
cross lambs. The differences in dressing percentage were not significant, 

though the Rambouillets had the lowest dressing percentage both years. 
| In the various carcass characteristics the most significant factor was the 
| relative greater length of leg of the Rambouillet. The Rambouillet and 
Romney cross lambs had a thinner covering of fat over the loin than 
the lambs of the other two groups, but they were not sufficiently poor 
to be degraded. 

Reproductive rate-—Under any system of sheep production where 
feed conditions are satisfactory a high rate of reproduction is desirable 
to provide a large number of animals for sale and sufficient replacement 
animals to enable selection to be practised. Data have been collected 
for a number of years at the Lethbridge Station on the reproductive 
rate of the various breed groups. As all the sheep have been est under 
identical conditions any differences that are observed must be inherent 
differences. The data are summarized in Table 1. 

The data show that abortion has played an unimportant part in reducing 
the number of lambs produced. Barrenness, or failure to conceive, has 
been more important, and an average of 7-9 per cent. of the ewes failed 
to conceive. ‘The Rambouillet ewes had the lowest rate of conception 
(as measured in this manner), whereas the C, ewes had the highest 
rate. ‘This also is shown by the data on the percentage of bred ewes 
that lambed. The Canadian Corriedales had the highest fecundity as 
measured by the lambing per cent. on this basis; the New Zealand 
Corriedales were poorest. ‘The Rambouillets had satisfactory fecundity, 
and the detailed data, not presented here, show that in recent years 
this characteristic has gradually improved. In a previous summary 
for the years 1934-40 the corresponding data were 124°0 and 111-0 
per cent., as compared with 132-1 and 118-8 per cent. in the present 
summary. 

As the number of progeny born per breeding unit has a direct bear- 
ing on the number of lambs available for sale, it may be said that the 
Canadian Corriedales are superior to the Rambouillets in this respect. 
There is some indication also that the crossbreds (C, and C,) are superior 
to the Rambouillets. 

Differences in fecundity are caused by differences in the proportion 
of single and multiple births. To show these differences more clearly 
the data on single and multiple births have been brought together in 
Table 2. 

The most striking difference is that between the New Zealand Corrie- 
dales and the Canadian Corriedales, the former with the lowest and the 
latter with the highest proportion of multiple births. This may appear 
strange in view of the heavy infusion of New Zealand Corriedale breed- 
ing used in the development of the Canadian Corriedale. However, 
the present flock of New Zealand Corriedales was established only 
shortly before the Canadian Corriedale flock was closed, and most of 


the rams used in developing the Canadian Corriedales were obtained 
3988-52 Q 
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from other sources. Further, the New Zealand Corriedale flock is only 
a small sample (about 30 breeding ewes) of the breed, and the data may 
not be representative of the breed as a whole. 


TABLE 2. Summary of Completed Pregnancies and the Distribution of 
Single and Multiple Births by Breed Groups 





| | | ____ Number of Births 








| ' . ‘ . 

gra med > Twin | __—*iTrriplet — 7 

| Years of ewes | % of | % of % of 

Breed of ewes record recorded No. | total No. total No. total 
N.Z. Corriedale ; 1934-43 241 210 | 871 | $2 | 129 ° ° 
Canad. Corriedale . 1934-43 1,309 a5) sea | sya] 437 | I'l 
Rambouillet . ; 1934-43 1,227 833 | 6779 | 391 | 31°9 3 | o2 
Cc, . ‘ 1937-43 398 239 | 60°0 159 | 40°0 ° ° 
C, “ ° a 1940-43 199 | 133 | 66:8 65 | 32:7 I | o'5 
Cs < ‘ = 1943 10 10 | 100°0 ° ° ° ° 
3,384 | 2,148 63°5 | 1,218 | 36°0 3 | os 





Weights and gains —The number of lambs weaned and their weaning 
weights are the final criteria of success in meat-producing capacity. 
Therefore the data have been analysed to arrive at a basis for compar- 
ing the breed groups for these characteristics. These data (Table 3) 
are more limited, but are sufficient to justify certain conclusions. 


TABLE 3. Summary of Lamb Production Data for 1940-2 








| No. of | | No. | | No. of 
No. | No. | lambs | died | | lambs | Ave. weaned 
of of | No.of | left for | No.of | from | weaned | weight of 

ewes | lambs, lambs | develop-| lambs | birth to | per ewe | lamb per ewe 
Breed of ewes bred | born | destroyed| ment | weaned | weaning) Mortality bred | red 
| | | | % lb. 
N.Z. Corriedale | 97 | 95 | 3 | 92 | 80 12 | 13°04 082 si-7 
Canad. Corriedale . | 474 618 | 62 | §56 439 117 21°04 0°93 60°6 
Rambouillet . ‘ | 708 | 855 69 736 643 143 18-19 oor (| 69°6 
a i 2 - | 239 322 14 308 272 36 | 11°69 1°l4 77°6 
Cc. . * eis 140 | 176 16 160 136 24 | 15°00 oo7 CC 63°3 





The heading ‘No. of lambs destroyed’ requires explanation. As the 
flock is maintained for producing breeding-stock, the practice has been 
to destroy at birth all lambs possessing characteristics that would make 
the individuals unsuitable for breeding. These included lambs with black 
or brown markings, extremely hairy coats, and various abnormalities. 
In the tabulation, lambs that were destroyed because they were weak 
or very small were placed in the mortality column. In this connexion 
it may be noted that in one of the Canadian Corriedale lines inbreeding 
has uncovered an inherited characteristic, a form of paralysis at birth, 
that has increased the mortality in this group, but steps have been 
taken to eliminate this characteristic from the in. 

Differences in mortality are fairly large, and when related to the 
reproductive rate of the various groups indicate the effect of mortality 
on the number of lambs weaned per ewe. Thus the Canadian Corrie- 
dales, with the highest initial rate of reproduction, have lost this ad- 
vantage through higher mortality and higher rate of culling at birth. 
The data show that the Rambouillets have a much higher production 
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of pounds of lamb per breeding ewe than either group of Corriedales. 
This derives largely from the greater growth-rate of the Rambouillet 
lambs and the consequent greater weight at weaning time (Table 4). 
The C, ewes gave the best performance, a result of low mortality, low 
culling rate, and a fairly high reproductive rate. The average daily gain 
of lambs from this group was slightly lower than the Rambouillets, and 
the average weaning weight also was lower. 

From these data it may be concluded that the Rambouillets are 
superior to the Corriedales in the production of feeder lambs when 
considered in terms of weight of lamb produced per breeding ewe. 
The Corriedales are desirable for crossing with the Rambouillets as 
indicated by the data from the C, ewes. The lambs produced when the 
ewes are mated back to Canadian Corriedale males have better con- 
formation, and the total weight of lamb produced is greater than that 
produced by the Rambouillets. 

There is some evidence from the data that a further cross with the 
Corriedales is not so desirable as the lamb production is reduced toward 
the level of the Corriedale. It is evident that further selection for 
lowered mortality and increased body-weight in the Corriedales is 
necessary if this breed is to compare favourably with the Rambouillet 
in these respects. This is especially true as long as lambs are bought 
strictly on a weight basis with no premium for improved conformation. 

As already stated, the Rambouillet lambs had the greatest average 
weight at weaning time. This resulted from the greater weight at birth 
and the higher rate of growth from birth to weaning. The data covering 
these points have been summarized for the various groups in Table 4. 

The number of individuals is small in some of the groups and the 
averages are not equally reliable, but it can be seen that the Ram- 
bouillets had the greatest weights, gains, and average daily gains. ‘The 
ram lambs were weaned about the middle of August each year, whereas 
the ewe and wether lambs were weaned about 6 weeks later. This 
accounts in part for the differences in weaning weights and average 
daily gains between sexes. The C, lambs compared favourably with 
the Rambouillets, whereas the other groups had lower weights and 
gains. The C, lambs were from C, ewes shown in the previous table. 

The present analysis does not permit of segregating the effect of 
differences in birth-weights on the rate of growth, but the data indicate 
that the Rambouillets are superior to the other groups in growth-rate, 
and the Rambouillet ewes produce sufficient milk to permit adequate 
expression of the inherent growth-potential. Differences in weaning 
weights are of the same general order as differences in mature weights 
for these groups as shown by the mature weights of ewes in Table 5. 

The optimum mature body-weight is somewhat difficult to determine 
as it will vary with environmental conditions, especially feed-supplies. 
Under the conditions of management and feeding that have been in 
effect at the Lethbridge Station the size of the Rambouillets has not 
been too great. It does appear to be greater than that of the average 
range Rambouillets of western Canada. The Canadian Corriedales are, 
a little too small to produce lambs of the desired weaning weight. The 
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crosses of the two breeds have been more desirable in this respect and 
have the added advantage of better conformation than the Rambouillet. 

Wool production.—W ool is important as a protective covering for the 
sheep and as an added source of revenue to the producer. In a climate 
such as that of western Canada the protective properties of the fleece 
are of vital importance to the sheep from the day it is born. What is 
required is a fleece that will protect the new-born lamb from cold, wet 
weather; that will keep out the penetrating, cold winds of winter; and 
that will provide a marketable product of high quality. The average 
range Rambouillet produces a lamb that is too bare at birth and which 
develops a fleece that is short-stapled and greasy. ‘The Canadian Corrie- 
dales have been developed for more cover at birth, a greater length of 
ey less fineness of fibre, and a smaller amount of grease in the 

eece. 


TABLE 5. Summary of Body-Weights of Ewes at Breeding Time 1936-42 





Mature ewes Shearling ewes* 
Breed No. Ave. wt. No. | Ave. wt. 

lb. | lb. 
N.Z. Corriedale_ - . 172 118-4 | 47 105'I 
Canad. Corriedale - > | 760 135°4 262 I13°1 
Rambouillet - . . 1,026 141°3 215 127°2 
C, (1937-42) . . 223 139°3 122 120°3 
C, (1939-42) . . 118 138°1 121 123°4 
C, (1942) . : — a 10 116°8 





* These weights were taken when the sheep were about 18 months old. 


At the station all the’ groups have been developed to the point where 
they provide adequate protection, with the exception that a few Ram- 
bouillets still are born somewhat bare of cover. The average fleece- 
weights are shown in Table 6. 


TABLE 6. Average Weights of Fleeces for the Years 1941-3 





| Mature ewes Shearling ewes Mature rams Shearling rams 
No. Ave. wt. No. Ave. wt. No. | Ave. wt. No. Ave. wt. 

N.Z. Corriedale ‘ 93 10°8 25 gil 4 13°1 23 11°4 

Canad. Corriedale_ . 494 10°4 106 8-3 27 12°2 121 9°6 

Rambouillet . : 721 11"4 218 8-7 17 137 171 98 
Cc, ¥ ‘ : 192 110 os ae Ss és 

2 . ‘ - 212 10°7 106 8-4 65 10°2 

C, (1943) 1942-3 ‘ 10 10°0 43 8-2 21 9°6 





Facilities for detailed fleece-analyses have been limited, but the data 
that have been obtained show that the Corriedales have a higher clean 
yield than the Rambouillets, and the crossbreds are intermediate in this 
characteristic. As a consequence the clean wool production is about 
equal for all groups except the New Zealand Corriedales, which produce 
slightly more than the others. The average fineness of fibre from the 
various groups is shown in Table 7. 
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The measurements recorded in Table 7 were made on shearling- 
ram fleeces and show the general differences between groups. The 
standard that has been set for the Canadian Corriedales is a 56’s to 
60’s fleece, so it can be seen that the shearling-ram fleeces were at the 
upper limit of this range. The Rambouillet fineness was typical for the 
breed, though many fleeces have considerably higher counts. 


TABLE 7. Average Fibre Diameters of Wool from the Various Groups 





Ave. fibre Corresponding 


| diameter | Bradford 
Breed | im microns count 
N.Z. Corriedale | 258 58’s 
Canad. Corriedale 23°9 60’s 
Rambouillet > | 21°8 64’s 
C, . . . . | 25°0 58’s 
Cy . . . ei 24°2 60’s 





No extensive measurements have been obtained of staple length at 
shearing time, but in the course of scoring all lambs at weaning time, 
staple-length measurements have been taken. The average lengths for 
the various groups in 1943 were (inches): New Zealand Corriedale 
2:16; Canadian Corriedale 1:84; Rambouillet 1-36; C, 1-78; and C, 1-69. 
These measurements were made when the lambs were about 6 months 
old. 

Skin folds and wrinkles—One of the undesirable characteristics of 
the Rambouillet is the tendency of the skin to develop heavy folds and 
wrinkles. Considerable progress has been made in eliminating this 
characteristic from the Rambouillet flocks at Lethbridge and Swift 
Current. Throughout the years of development of the Canadian 
Corriedales, freedom from folds and wrinkles has been given special 
emphasis in selection, and the result has been that they are practically 
free from this defect. This is shown by the weaning scores for this 
characteristic in 1943 which are listed for all breed groups: Canadian 
Corriedale 1-1; Rambouillet 1-7; C, 1:2; C, 1:1; and New Zealand 
Corriedale 1-4. A perfect score would be 1-0. 

Face cover.—Excessive wool cover on the face, causing wool blind- 
ness complicated by snow blindness during snowstorms, is an undesir- 
able characteristic for sheep that must range freely for their feed. The 
excess wool can be trimmed off with shears, but this is an added opera- 
tion and expense, and it is more desirable to produce sheep without 
this defect. The Rambouillets have been very bad in this regard, 
though some progress has been made in eliminating the excess head- 
cover from the breed. For this characteristic a weaning score of 2 has 
been considered to be most desirable, as the score 1 indicates a head 
that is too bare. The scores for the 1943 lambs for face cover were 
as follows: Canadian Corriedale 2-9; Rambouillets 3:5; C, 3:5; C; 3:0; 
and New Zealand Corriedale 3:4. ‘Thus the Canadian Corriedales were 
superior for this characteristic. 
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Conclusions 


To summarize the conclusions that may be drawn from the breeding 
projects with range sheep: The Rambouillet, with all its defects, still 
remains the foundation breed for western Canadian ranges. Careful 
selection and mating has led to improvement in all the characteristics 
_ in which the Rambouillet has been most defective. 
| ‘The Canadian Corriedale has progressed to the point where it can 
be considered as a distinct breed. It requires improvement in body- 
size and rate of growth, but even at its present state it is very desirable 
for crossing with range flocks. In crosses with Rambouillets it produces 
progeny that are smoother, have longer staple, and a more open face 
than if Rambouillet rams were used. 

The crossbreds are practically equal to the Rambouillets in rate of 
growth and weaning weights and will produce more pounds of lamb 
per ewe than the Rambouillet. In addition the crossbreds and the 
Canadian Corriedales have a carcass conformation that is superior to 
that of the Rambouillet; and they will acquire a proper finish in the 
feed lots at lower weights. 

The Canadian Corriedales and the crossbreds produce a quality of 
wool that is more acceptable to Canadian manufacturers than the finer 
wool from the Rambouillet. 

Few detailed data are available for the Romney x Rambouillet project, 
but these sheep seem on the whole to be equal to or even slightly superior 
to the Canadian Corriedales. 

The breeding-projects that were first started in 1919 and have been 
developed since that time have provided the Canadian sheep-rancher 
with improved stock on which to build his breeding-programme. 
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